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NOVEL SYNTHETIC GANGLIOSIDE DERIVATIVES AND COMPOSITIONS 

THEREOF 

5 CROSS REFERENCE TO RELATED APPLICATIONS 

This application claims benefit of priority under 35 U.S.C § 1 19(e) to U.S. 
Provisional Application No. 60/315,831 filed on August 29, 2001 which is herein 
incorporated in its entirety by reference. 

10 BACKGROUND OF THE INVENTION 

The term "carbohydrate 19 or "saccharide" embraces a wide variety of 
chemical compounds having the general formula (CH 2 0)n, such as monosaccharides, 
disaccharides, oligosaccharides and polysaccharides. Oligosaccharides and 
polysaccharides are chains composed of monosaccharide units, which are also generally 

15 referred to as sugars. The monosaccharide units of an oligo- or polysaccharide can be 
arranged in various orders. The linkage between any two saccharide units can occur in 
any of approximately ten different ways. As a result, the number of different possible 
stereoisomers oligosaccharide or polysaccharide chains is enormous. Saccharides are a 
key component of glycosphingolipids found in cell membranes. Of interest with respect 

20 to the present invention is a certain class of glycoshingolipids known as gangliosides. 

Gangliosides are glycosphingolipids, often found in cell membranes, that 
consist of three elements. One or more sialic acid residues are attached to an 
oligosaccharide or carbohydrate core moiety, which in turn is attached to a hydrophobic 
lipid (ceramide) structure which generally is embedded in the cell membrane. The 

25 ceramide moiety includes a long chain base (LOB) portion and a fatty acid (FA) portion. 
Gangliosides, as well as other glycolipids and their structures in general, are discussed in, 
for example, Lehninger, Biochemistry (Worth Publishers, 198 1) pp. 287-295 and Devlin, 
Textbook of Biochemistry (Wiley-Liss, 1992). Gangliosides are classified according to 
the number of monosaccharides in the carbohydrate moiety, as well as the number and 

30 location of sialic acid groups present in the carbohydrate moiety. Mono sialogangliosides 
are given the designation "GM", disialogangliosides are designated n GD", 
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trisialogangliosides "GT\ and tetrasialogangliosides are designated "GQ W . Gangliosides 
can be classified further depending on the position or positions of the sialic acid residue 
or residues bound Further classification is based on the number of saccharides present in 
the oligosaccharide core, with the subscript "1" designating a ganglioside that has four 
5 saccharide residues (Gal-GalNAc^-Glc-Ceramide), and the subscripts "2", "3" and T 
representing trisaccharide (GalNAc-Gal-Glc-Ceramide), disaccharide 
(Gal-Glc-Ceramide) and monosaccharide (Gal-Ceramide) gangliosides, respectively. 

Numerous types of gangliosides found in nature have been isolated and 
identified and vary primarily in the basic saccharide structure (e.g. Gko, Gm2> Gmi> Gdu, 

10 Goib and Gn). A variety of procedures are available for the isolation and purification of 
such "natural" gangliosides from organs and tissues, particularly from animal brain 
(Sonnino et aL, 1992, J. lipid Res., 33:1221-1226; Sonnino et aL, 1988, Ind. J* Biochem. 
Biophys., 25:144-149; Svennerholm, 1980, Adv. Exp. Med. BioL, 125:533-44) as well 
as bovine buttermilk (Ren et al., 1992, J. Bio. Chem., 267:12632-12638; Takamizawa et 

15 aL, 1986, J. Bio. Chem., 261:5625-5630). 

Gangliosides are normal components of plasma membranes and are 
particularly abundant in the nervous system. In humans, gangliosides are most abundant 
in the gray matter of the brain, particularly in nerve endings. They are believed to be 
present at receptor sites for neurotransmitters, including acetylcholine, and can also act as 

20 specific receptors for other biological macromolecules, including interferon, hormones, 
viruses, bacterial toxins, and the like. 

Certain gangliosides are found on the surface of human hematopoietic cells 
(Hildebrand et aL (1972) Biochim. Biophys. Acta 260: 272-278; Macher et al. (1981) J. 
Biol. Chan. 256: 1968-1974; Dacremont et al. Biochim. Biophys. Acta 424: 315-322; 

25 Klock et al. (1981) Blood Cells 7:247) which may play a role in the terminal granulocytic 
differentiation of these cells. Nojiri et al. (1988) J BioL Chem. 263: 7443-7446. These 
gangliosides, referred to as the "neolacto" series, have neutral core oligosaccharide 
structures having the formula [Gaip-(l,4)GlcNAcp(13)]nGalp(l,4)Glc, where n = 1-4. 
Included among these neolacto series gangliosides are 3 9 -nLMi 

30 (NeuAca(2,3)Gaip(l^ and 6'-nLM, 

(NeuAca(2,6)Galp(l^ 
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It has been widely demonstrated that gangliosides are able to enhance 
functional recovery both in the lesioned peripheral nervous system (PNS) and the central 
nervous system (CNS), through the involvement of specific membrane mechanisms and 
the interaction with trophic factors, as pointed out from studies in vitro on neuronal 
5 cultures (Ferrari, F. et al., Dev. Brain Res., 1983, 8:215-221; Doherty, P. et al., J. 
Neurochem., 1985, 44:1259-1265; Skaper, S.D. et al., Mol. Neurobiol., 1989,. 3:173- 
199). Gangliosides have been used for treatment of nervous system disorders, including 
cerebral ischemic strokes. See, e.g., Mahadnik et aL (1988) Drag Development Res. 15: 
337-360; US Patent Nos. 4,710,490 and 4,347,244; Horowitz (1988) Adv. Exp. Med. and 

10 Biol. 174: 593-600; Kaipiatz et al. (1984) Adv. Exp. Med and Biol. 174: 489-497. 

As a result, attempts have been made to use gangliosides in the treatment 
of disorders of the nervous system. This has led to die development of synthetic 
gangliosides as well as natural ganglioside containing compositions for use in the 
treatment of disorders of the nervous system (U.S. Pat Nos. 4,476,1 19, 4,593,091, 

15 4,639,437, 4,707,469, 4,713,374, 4,716,223, 4,849,413, 4,940,694, 5,045,532, 5,135,921, 
5,183,807, 5,190,925, 5,210,185, 5,218,094, 5,229,373, 5,260,464, 5,264,424, 5,350,841, 
5,424,294,5,484,775,5,519,007^ 
and 5,849,717). 

Gangliosides have also been implicated as playing a significant role in 
20 certain types of cancer. Neuroblastoma is a form of cancer that primarily afflicts children 
under die age of five. Individuals suffering from neuroblastoma may have tumors 
growing near the spinal cord, and very large tumors have been found to cause paralysis in 
such patients. Gangliosides have been shown to play a role in both the growth and the 
inhibition of the growth of neuroblastoma-associated tumors (Basavarajappa et al., 1997, 
25 Alcohol Clin. Exp. Res., 21(7):1 199-203; Singleton et aL, 2000, Lit J. Dev. Neurosci., 
2000, 18(8):797-80). 

However, there still exists a need in the art for compounds capable of 
acting as neuroprotective agents in a manner similar to or better than the natural 
gangliosides for die prophylaxis, treatment and cure of disorders of the nervous system. 
30 Further, differences in the structure of ganglioside compounds can refine the structure* 
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function relationship of such compounds to provide powerful tools for control of die 
growth of certain kinds of tumors, including neuroblastoma tumors. 

SUMMARY OF THE INVENTION 
5 The present invention answers such a need by providing novel synthetic 

gangliosides of formulae (I) and (Va)-(Vd): 



~ 2 — V ® 

X 

I IVvJV 



Saccharide 2^ .^CH Xy^fR, ^ 



I Ra 

V 



I Rb 

10 v 



X 

-2^ ^CH >^^^jJ R « 



v ,and 

x 
I 

Saccharide Z.. ^CH ^CHj 

I 

including pharmaccutically acceptable salts, isomers, hydrates, solvates, and prodrugs 
thereof. 

IS The invention further provides a novel synthetic ganglioside of the 

formula 

X 
I 

Saccharide ^CH ^R 1 

"CH 
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in which Z can be O, S, C(R 2 )2 and NR 2 , X can be H, -OR 3 , -NR^ 4 , -SR 3 , and - 
CHR 3 R 4 , and R 1 , R 2 and R 3 can be independently selected from H, substituted or 
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted 
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted 
5 heterocycloalkyl, -C(=M)R 5 , -C(=M>Z-R 5 , -SO2R 5 , and -SCfe functional moieties. 
Further, a novel ganglioside of the present invention can have M and Z independently 
selected from O, NR 6 or S, and Y can be selected from H, -OR 7 , -SR?, -NR 7 R 8 , 
substituted or unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or 
unsubstituted aryl, substituted or unsubstituted heteroaryl, and substituted or 
10 unsubstituted heterocycloalkyl moieties. Further still, a novel ganglioside of the 
invention can have R 5 , R 6 , R 7 and R 8 independently selected from H, substituted or 
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, substituted or unsubstituted 
aryl, substituted or unsubstituted heteroaryl, substituted or unsubstituted heterocycloalkyl 
moieties. 

1 5 The present invention also provides a novel ganglioside compound as 

described above, with die proviso that when X is NHR 4 , in which R 4 is selected from H 
and -C(=0)R 5 , in which R 5 is substituted or unsubstituted alkyl, Y is OH; and Z is O, R 5 
is other than a substituted or unsubstituted alkyl moiety. 

The present invention also provides a novel ganglioside compound in 
20 which the saccharide component can be 

GaJ-GalNAc-Gal-Glc $ GtlNAc-Gal-GIc i Gal-Glc $ 



NANA ; NANA • NANA 



> 



;or 



GaKMNAc-Gal-Glc $ 

I 

NANA 

and such saccharide moieties may or may not be deacetylated. 

The invention further provides pharmaceutical compositions including at 
25 least one compound of the invention and a pharmaceutical^ acceptable carrier. 

The invention still further provides a method for the prevention and/or 
treatment and/or cure of a disorder of die nervous system in an animal or human 
including the step of administering to a patient in need thereof a therapeutically effective 
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amount of at least one compound or pharmaceutical composition of the invention. Such 
patients in need of a compound of the present invention may suffer from a disorder of the 
nervous system, including Parkinson's disease, ischemia, stroke, Alzheimer's disease, 
depression, anxiety, encephalitis, meningitis, amyotrophic lateral sclerosis, trauma, spinal 
5 cord injury, nerve injury, and nerve regeneration. 

One embodiment of the invention provides a method for the treatment of a 
glioma in a human and includes the step of administering to the human in need thereof a 
therapeutically effective amount of a compound of the present invention. 

The present invention also provides a method of synthesizing a synthetic 
10 ganglioside compound of the invention, wherein die steps of synthesis of the saccharide 
moiety include contacting a sphingoid acceptor molecule and a glucose molecule with a 
galactosyl transferase enzyme and a galactose donor molecule to form 

Gal-GIc J> 

contacting the Gal ~ G,c £ with a trans-sialidase enzyme and a sialic acid (NANA) 
IS donor molecule to form 

Gal-GIc £ 

I 

NANA 

GatGlc £ 

contacting the NANA with a N-acetyl galactose (GalNAc)- transferase enzyme 

and a GalNAc donor molecule to form 

GalNAc-Gal-Glc £ 

I 

NANA 

GalNAc-Gal-Glc £ 

I 

20 contacting the NANA with a galactosyltransferase enzyme and a 

galactose (Gal) donor molecule to form 
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Gal-GalNAc-Gal-GIc 



NANA ,and 
§dt - GalNAc-Gal-Glc £ 




with a fatty acid moiety under conditions 



5 



BRIEF DESCRIPTION OF THE DRAWINGS 



Figure 1 shows a schematic diagram of two methods for synthesis of the 



ganglioside GM2 by enzymatic synthesis using as the starting material lactosylceramide 
obtained from bovine buttermilk. 



Figure 2 shows a schematic diagram of two methods for synthesizing the 
ganglioside GD* from lactosylceramide obtained from bovine buttermilk. 

Figure 3 shows three routes for synthesizing a GM2 ganglioside using a 
1 S plant glucosylceramide as the starting material. 

Figure 4 shows three routes for synthesizing GM2 and other gangliosides 
starting from a glucosylceramide. 

20 Figure 5 shows a scheme used for synthesis of the ganglioside GM2 from 

lactosylceramide via deacyiation, two consecutive enzymatic glycosylations, and final 
chemical aeration. 

Figures 6-1 5 show attenuation of neuroblastoma cell growth when the 
2S neuroblastoma cells are treated with various compounds of the present invention. 
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Figure 6 shows that compound 1003, at 50 fuM, causes almost 100% 
growth inhibition in all cell lines (86-100%). 

Figure 7 shows that compound 1009 has a profile similar to that for 
compound 1003 in four cell lines (77-89% growth inhibition with SO jjM compound 
5 1009) and in U-l 18 cells, the growth inhibition with 50 fOA compound 1009 is 21%. 

Figure 8 shows that compound 101 1 has activity similar to compound 
1003, with the exception that the inhibition of 9L cells by 50 fjM compound 101 1 was 
46%. 

Figure 9 shows that compound 1014, when used to treat Hs 683 and 
10 Swl088 cells, inhibited proliferation 42% and 35%, respectively, when used at a 
concentration of 50 /iM 

Figure 10 shows that 50 /*M compound 1081 inhibited proliferation of 9L 
23%, U-l 18 cells 27%, Hs 683 cells 48%, and Sw 1088 cells 68%. 

Figure 1 1 shows that compound 1082 inhibited the growth of 9L cells 1 1- 

15 37%. 

Figure 12 shows that compound 1083, at 5 jjM, inhibited growth of 9L 
and Hs 683 cells (27% and 32%, respectively). At 50 /jM, compound 1083 inhibited 
growth of 9L, Hs 683, U-l 18, and Sw 1088 cells 26-54%. 

Figure 13 shows that compound 1084 strongly inhibited growth in all cell 
20 lines at 50 itiA compound (91-100%). 

Figure 14 shows that compound 1085 was very active in the cell 
proliferation assay. Compound 1085 demonstrated growth inhibition activity at 5 /zM in 
all cell lines tested (15-88%), and strong growth inhibition at 50 fiM in all cell lines (95- 
100%). 



25 Figure 15 shows that compound 1086, at 50 a*M, inhibits growth of all cell 

lines 66-100%. 
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DEFINITIONS 

In accordance with the invention and as used herein, the following terms 
are defined with the following meanings, unless explicitly stated otherwise. 
5 The article "a" and "an" as used herein refers to one or to more than one 

(Le. at least one) of the grammatical object of the article. By way of example, "an 
element* means one element or more than one element 

The term "alkenyl" as used herein refers to a substituted or unsubstituted 
trivalent straight chain or branched chain unsaturated aliphatic radical that includes at 
10 least two carbons joined by a double bond 

The term "alkynyl" as used herein refers to a straight or branched chain 
aliphatic radical that includes at least two carbons joined by a triple bond. If no number 
of carbons is specified, "alkenyT and "alkynyl" each refer to radicals having from 2-12 
carbon atoms. 

IS The term "cycloaDcyl" as used herein refers to a substituted or 

unsubstituted saturated aliphatic ring system, preferably a mono-, bi-, or tricyclic 
saturated aliphatic ring system. Examples include, but are not limited to, cyclopropyl, 
cyclobutyl, cyclopentyl, cyclohexyU adamantyl, cyclooctyl, [3.3.0]bicyclooctane, 
[4.3.0]bicyclononane, [4.4.0]bicyclodecane (decalin), and [2.2.2]bicyclooctane 

20 The term "aromatic" is intended to mean stable substituted or 

unsubstituted mono-, bi-, tri-, polycyclic ring structures having only carbon atoms as ring 
atoms including, but not limited to, a stable monocyclic ring which is aromatic having six 
ring atoms; a stable bicyclic ring structure having a total of from 7 to 1 2 carbon atoms in 
the two rings of which at least one of the rings is aromatic; and a stable tricyclic ring 

25 structure having a total of from 10 to 16 atoms in the three rings wherein the tricyclic ring 
structure of which at least one of the ring is aromatic. Any non-aromatic rings present in 
the monocyclic, bicyclic, tricyclic or polycyclic ring structure may independently be 
saturated, partially saturated or fully saturated. Examples of such "aromatic 9 * groups 
include, but are not limited to, phenyl and naphthyl. 

30 The torn "arylalkyF as used herein refers to one, two, or three substituted 

or unsubstituted aryl groups having the number of carbon atoms designated appended to 
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an alkyi group having the number of carbon atoms designated. The direction of 
attachment of an aryialkyl group to the remainder of the molecule may be through either 
the aryi or alkyi portion of the group. Suitable aryialkyl groups include, but are not 
limited to, benzyl, picolyt, naphthyhnethyi, phenethyl, benzylhydryl, trityl, and the like, 
5 all of which may be optionally substituted. 

As used herein the term "heteroaryl," "hetero aromatic" or "aromatic 
heterocyclic ring system 19 refers to a monocyclic, bicyclic or polycyclic, substituted or 
unsubstituted heterocyclic ring system containing at least one aromatic ring. 

The term "substituted" as used herein means that a hydrogen atom has 
10 been replaced with another monovalent group (e.g. halo, haloalkyl, hydroxy, thiol, 
alkoxy, thiohaloalkyl, amino, and the like). 

The terms "halo n or "halogen 1 * as used herein refer to CI, Br, F or L The 
term "haloalkyl 19 and the like, refer to an alkyi group, as defined herein, wherein at least 
one hydrogen atom of the alkyi group is replaced by a CI, Br, F or L A mixture of 
IS different halo atoms may be used if more than one hydrogen atom is replaced. For 

example, a haloalkyl includes chloromethyl (-CH 2 C1) and trifluoromethyl (-CF3) and the 
like. 

The term "methylene" refers to -CH2- 

Where substituent groups are specified by their conventional chemical 
20 formulae, written from left to right, they equally encompass the chemically identical 

substituehts which would result from writing die structure from right to left, e.g., -CH 2 0- 

is intended to also recite -OCH2-. 

The term "alkyi," by itself or as part of another substituent, means, unless 

otherwise stated, a straight or branched chain, or cyclic hydrocarbon radical, or 
25 combination thereof; which may be fully saturated, mono* or polyunsaturated and can 

include di- and multivalent radicals, having the number of carbon atoms designated (Le. 

Ci-Cto means one to ten carbons). Examples of saturated hydrocarbon radicals include, 

but are not limited to, groups such as methyl, ethyl, n-propyl, isopropyl, n-butyl, t-butyl, 

isobutyl, sec-butyl, cyclohexyl, (cyclohexyl)methyl, cyclopropylmethyl, homologs and 
30 isomers of; for example, n-pentyl, n-hexyl, n-heptyl, n-octyl, and the like. An 

unsaturated alkyi group is one having one or more double bonds or triple bonds. 
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Examples of inisateatedl alkyl groups include, but are not limited to, vinyl, 2-propenyl, 
crotyt, 2-isopenteoyl, 2^utadienyl), 2,4-pentadienyl, 3-(l,4-pentadienyl), ethynyl, 1- 
and 3-propynyl, 3-buHynyl, and the higher homologs and isomers. The tenn "alkyl,** 
unless otherwise noted, is also meant to fcuctode those derivatives of alkyl defined in more 
5 detail below, such as "heteroaOcyL" Alkyl groups which aire limited to hydrocarbon 
groups are termed "homoatlkyr. 

The temn "alkylene" by itself or ais past of another substituent means a 
divalent radical derived fecen an alkane, as exemplified, but not limited, by - 
CH2CM2GM2CH2-, and further includes those groups described below as 

10 "hetooalkylefle.** Typicailly, am alkyl (or alkylene) group will have from 1 to 24 carbon 
atoms, with those groups having 10 or fewer carbon atoms being preferred in the present 
inv©nition. A Howes: aUkylT m "lower alkylene" is a shorter chain alkyl or alkylene group, 
generally having eight or fewer carbon atoms. 

The tens "alkoxy,** "alkylamino** and "alkylthio" (or thioalkoxy) are used 

15 in their conventional sense, and refer to those alkyl groups attached to the remainder of 
the molecule via am oxygen atom, an amino group, or a sulfur atom, respectively. 

The ton "hefcesoalkyl," by itself or in combination with another term, 
means, unless otherwise stated, a stable straight or branched chain, or cyclic hydrocarbon 
radical, or combinations thereof, consisting of the stated number of carbon atoms and at 

20 least one heteoatom selected fiom the group consisting of O, N, Si and S, and wherein 
the mitogen and sunltfkr atoms may optionally be oxidized and the nitrogen heteroatom 
my optionally be qmatenkedL The heteiroatom(s) O, N and S and Si may be placed at 
amy interior position of the hefceroalkyl group or at the position at which the alkyl group is 
attached to the ramaindea" of the molecule. Examples include, bet are not limited to, - 

25 CErCHrO-CHa, -CHrCTa-NH-CH^ ^ 2 ^2-N(CH 3 )-CH 3 , -CHa-S-CHrCHs, -CH 2 - 
CB&SiOyCH* -CErCErSiOh-CEy, ^<H-CMXb, -Si(CH 3 ) 3 , -CH2-CH=W-OCH 3 , 
and-CHKM-N(CH3)-CH3. Up to two heteroatams may be consecutive, such as, for 
example, -CH r NH-OCH 3 and -CHr©-Si(CH 3 ) 3 . Similarly, the term 'lieteroalkylene" 
by itself or as part of another substituent means a divalent radical derived from 

30 heteroalkyl, as exemplified, but not limited by, ^CH 2 -CHrS-CHrCHr and -<HrS-CH2- 
CHrNH-CHa-. For heteroalkylene groups, heteroatoms. can also occupy either or both of 
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the chain termini (ag., alkyleneoxy, alkylenedioxy, alkyleneamino, alkylenediammo, and 
the like). Still further, for alkyieme and heteroalkylene linking groups, no orientation of 
the linking grouap is impli©dl by the directions in which the formula of the linking group is 
written. For example, the fimnula -OfO^R*- presents both -QOkR*- and SCC(Gh-. 
5 * The tarns "cycloalkyT and ^eterocycloalkyl", by themselves, or in 

combination with other temis, represent, unless otherwise stated, cyclic versions of 
"alkyP and 'ThieteroalkjdT, irrespectively. Additionally, for heterocycloalkyl, a heteroatom 
can occupy the [position at which the he&emocycle is attached to the remainder of the 
molecule. Examples of cycloalkyl include, but are not limited to, cyclopentyl, 

10 cyclohexyl, 1-cyclohexenyl, 3-cyclohexenyl, cycloheptyl, and the like. Examples of 
heterocycloalkyl include, but are not limited to, 1 ^1,2,5,6-tetrafayd^yridyl), 1- 
. piperidimyl, 2-piperidimyl, 3Hpiperidinyl, ^nnmorpholinyl, 3-morpholinyl, tetrahydrofuran- 
2-yl, teteahydroffto^ tdtrahydtothiCT-2-yl, tetrahydrothien-3-yl, 1 -piperazinyl, 2- 
piperazkyl* and the like. 

15 Examples of "heterocyeles", "heterocyclic rings" or "heterocyclic ring 

systems 69 include, but are not limited to, acridinyl, azocinyl, benzimidazolyl, 
benzofurmyl, benzotMofi^^ 

benztriazolyl, benztetrazolyl, benzisoxazolyl, benzisothiazolyl, benzimidazalinyl, 
caKbazolyl, 4aH-carfeazoIyil, carbolinyi, chromanyl, chromenyl, cinnolinyl, 
: 20 decahydroqito 

firanyl, ifurazanyt imidazoidin^ imidazolinyl, imidazolyl, IM-indazolyl, indolinyl, 
kdolizinyll, iWolyl, SH-imdolyl, isobeazofuranyl, isochromanyl, isoindazolyl, 
isoindolinyl, isoindolyl, isoqannolinyl (benzunidazolyl), isothiazolyl, isoxazolyl, 
mospholinyl, naphthyridinyi octahydroisoquinolinyl, oxadiazolyl, 1,2,3-oxadiazolyl, 
25 l,2,4H0xadiazolyl, 1 ^S-ojssdiazolyi 13.4-osadiazolylp oxazolidinyl, oxazolyl, 

oxazoidkyli, pyrimdinyl, phsoaniiridinyl, phenanthrolinyl, pheaazinyl, phemothiazinyl, 
phemmathiinyil, ptnenoxazmyl, phthalazinyl, piperazinyl, piperidiayl, pteridinyl, purinyl, 
pyranyi, pyrazinyl, pyroazolidinyl, pyrazolinyl, pyrazolyl, pyridazinyl, pryidooxazole, 
pyodoimidazole, pyridothiazole, pyridinyl, pyridyl, pyrimidinyl, pyrrolidinyl, pyrrolinyl, 
30 2H-pyrrolyl, pynolyl, quinazolinyl, quinolinyl, 4Hnquinolizinyl, quinoxalinyl, 

quinuclidinyl, tetrahydrofuranyi, ttettrahydroisoqukolinyl, tetrahydroquinolinyl, 6H- 1 ,2,5- 
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thiadazinyl, l,2>thiadiazolyl, 1,2,4-thiadiazolyl 1,2,5-thiadiazolyl, 1,3,4-thiadiazolyl, 
thianlfaenyl, thiazolyl, thienyl, tMenothiazolyl, thienooxazolyl, tMrnoraridazolyl, 
thiopbenyl, triazinyl, 1,23-triazolyl, 1,2,4-triazolyl, 1,2,5-triazolyl, 1,3,4-triazolyi and 
xanthenyi. Also included aire fused ring sand spiiro compounds containing, for example, 
5 toe above heterocyclic ring stractees. 

The terms "halo" or "halogen," by themselves or as past of another 
SEbsfcftuOTt mean, unless otherwise stated, a fluorine, chlorine, bromine, or iodine atom. 
Additionally, tons such as "haloalk^" are meant to include monohaloalkyl and 
polyhsiloalkyi For example, tine ton *lialo(Ci-Cj)allkyr is mean to include, but not be 
JO limited to, triffluotomethyl, 2,2^-trifiuoroethyl, 4-chlorobutyl, 3-bromopropyl, and the 
like. 

The ton "auryiT means, unless otherwise stated, a polyunsaturated, 
hydrocarbon sub&titurat which can be a single ring or multiple rings (preferably 
ta 1 to 3 rings) which are fused together or linked covalently. The term "heteroaryr 

IS irefers- to aryl gironups (or rings) that contain from one to four hetemoatoms selected from N, 
0, and S, wherein the nitrogen and sulfur atoms are optionally oxidized, and the nitrogen 
stands) a?e optionally quMemized. A heteroaryl group can be attached to the remainder 
of the molecule through a heteroatom. Non-limiting examples of aryl and heteroaryl 
include phenyl, 1-naphthyl, 2-naphthyl, 4-biphenyl, 1-pynolyl, 2-pyrsrolyl, 3- 

20 pyinrolyi S-pyirazolyll, 2-taidazolyl, 4-imidazolyi, pyrazanyl, 2-oxazolyl, 4-oxazolyi 2- 
pitayl-^xazol^ 5-oxazolyl, 3-isoxazolyi 4-isoxazolyl, 5-isoxazoI yl, 2-thiazolyl, 4- 
Wuatyl, 5-thiazolyl, 2-ftaryl, 3-feyi 2-thienyS, 3-thienyl, 2-pyridyl, 3-pyridyl, 4- 
pyridyl, 2-pyriniiidyl, 4-fpyrimidyl, 5-benzothiazolyl, purinyl, 2-benzhnidazolyl, 5-indolyl, 
1-isoquinolyl, S-isoquinolyl, 2-quinoKalinyl, 5-quinoxalinyl, 3-quinolyl, and 6-quinolyi 

25 Substntemts for each of tine above noted asryl and hetooaryl ring systems are selected 
from the gsroup of acceptable srffrsttemits described below. 

For brevity, tine ton "tayl" when used in combination with other tons 
(eg., airyloxy, aryltthioxy, arylalkyl) includes both aryl and heteroaryl rings as defined 
above. Thus, the ton "airy lalkyF is meant to include those radicals in which an aryl 

30 group is attached to an alkyl group (&g. 9 benzyl, phenethyl, pyridylmethyl and the like) 
including those alkyl groups in which a carbon atom (e,g. t a methylene group) has been 
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replaced by, for example, an oxygen atom (e.g., phenoxymethyl, 2-pyridyloxymethyl, 3- 
(l-naphthyloxy)propyl, and the like). 

Each of the above terms "alkyl," "heteroalkyl," "aryl" and 
"heteroaryl") are meant to include both substituted and unsubstituted forms of the 
S indicated radical. Preferred substituents for each type of radical are provided below. 

Substituents for the aDcyi ami heteroalkyl radicals (including those groups 
often referred to as alkylene, alkenyl, heteroalkylene, heteroalkenyl, alkynyl, cycloalkyl, 
heterocycloalkyi, cycloalkenyl, and heterocycloalkenyl) can be one or more of a variety 
of groups selected from, but not limited to: -OR', =0, =NR\ =N-OR\ -NR'R", -SR\ - 

10 halogen, -SiR'RTl"*, -OC(0)R\ -C(0)R\ -CCfcR*, -CONR'R", -OC(0)NR*R", - 
NR"C(0)R\ -NR*-C(0)NRTr\ -MTCCCflaR', -NR-C(NR , R t, R ,, >=NR ,w \ 
-NR<*NRTl>=NR"\ -S(0)R\ -S(0)2R\ -SCOfeNRTT, -NRSOzR', -CN and -NCfe in a 
number ranging from zero to (2m'+l), where m* is the total number of carbon atoms in 
such radical. R\ R*\ R*" and R m each preferably independently refer to hydrogen, 

IS substituted or unsubstituted heteroalkyl, substituted or unsubstituted aryl, e.g., aryl 
substituted with 1-3 halogens, substituted or unsubstituted alkyl, alkoxy or thioalkoxy 
groups, or arylalkyl groups. When a compound of the invention includes more than one 
R group, for example, each of the R groups is independently selected as are each R\ R", 
R"* and R"" groups when more than one of these groups is present When R* and R" are 

20 attached to die same nitrogen atom, they can be combined with die nitrogen atom to form 
a 5% or 7-membered ring. For example, -NR*R M is meant to include, but not be 
limited to, 1-pyrrolidinyl and 4-morpholinyi. From the above discussion of substituents, 
one of skill in the art will understand mat the term "alkyl" is meant to include groups 
including carbon atoms bound to groups other than hydrogen groups, such as haloalkyl 

25- (eg., -CF3 and -CH2CF3) and acyl (eg., -0(0)013, -C(O)0F3, -C(0)CH 2 OCH3, and the 
like). 

Similar to the substituents described for the alkyl radical, substituents for 
the aryl and heteroaryl groups are varied and are selected from, for example: halogen, 
-0R\ =0, =NR\ =^-OR\ -NR'R", -SR\ -halogen, -SjR'RTr\ -OC(0)R\ -C(0)R', 
30 -COjR', -CONR'R", -OC(0)NR'R", -NR"C(0)R', -NR'-C(0)NR w R"', -NR"C(0)2R', 
-NR-C(NR'R M R" , ) as NR ,m , -NR-C(NR'R M )=NR ,M , -S(0)R\ -S^R', -SCO^NR'R", 
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-NRSQzR', -CN and -NCfe, -R\ -N 3 , -CH(Ph>2, fluoro^i^U^oxy, and fluoro(Cr 
G*)alkyl, in a number ranging from zero to the total number of open valences on the 
aromatic ring system; and where R\ R", R m and K m are preferably independently 
selected from hydrogen, (Ci-Cg)alkyl and heteroalkyl, unsubstituted aryl and heteroaryl, 
5 (unsubstituted arylMCi-COalkyl, and (unsubstituted aryl)oxy-(CrC4)alkyl. When a 
compound of the invention includes more than one R group, for example, each of the R 
groups is independently selected as are each R', R", R'" and R' m groups when more than 
one of these groups is present 

Two of the substituents on adjacent atoms of the aryl or heteroaryl ring 

10 may optionally be replaced with a substituent of the formula -T-C(OMCRR')q-U-, 
wherein T and U are independently -NR-, -O-, -GRR*- or a single bond, and q is an 
integer of from 0 to 3. Alternatively, two of die substituents on adjacent atoms of the aryl 
or heteroaryl ring may optionally be replaced with a substituent of the formula - 
A-(CH 2 )r-B-, wherein A and B are independently -CRR*-, -O-, -NR-, -S-, -S(OK -S(0)r 

IS , -J^O^NR*- or a single bond, and r is an integer of from 1 to 4. One of the single bonds 
of the new ring so formed may optionally be replaced with a double bond. Alternatively, 
two of the substituents on adjacent atoms of the aryl or heteroaryl ring may optionally be 
replaced with a substituent of the formula -(CRR , )s-X-(CR ,, R , ")d-, where s and d are 
independently integers of from 0 to 3, and X is -O-, -NR'-, -S-, -S(O)-, -S(0>2-, or - 

20 S(0)2NR'-. The substituents R, R\ R" and R"* are preferably independently selected 
from hydrogen or substituted or unsubstituted (Ci-QOalkyL 

As used herein, the term "heteroatonT is meant to include oxygen (O), 
nitrogen (N), sulfur (S) and silicon (Si). 

The torn "phannaceutically acceptable salts" is meant to include salts of 

25 the active compounds which are prepared with relatively nontoxic acids or bases, 
depending on the particular substituents found on the compounds described herein. 
When compounds of the present invention contain relatively acidic functionalities, base 
addition salts can be obtained by contacting the neutral form of such compounds with a 
sufficient amount of the desired base, either neat or in a suitable inert solvent. Examples 

30 of pharmaceutical^ acceptable base addition salts include sodium, potassium, calcium, 
ammonium, organic amino, or magnesium salt, or a similar salt When compounds of the 
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present invention contain relatively basic functionalities, acid addition salts can be 
obtained by contacting- the neutral fonn of such compounds with a sufficient amount of 
the desired acid, ditto: neat or in a suitable inert solvent Examples of pharmaceutical^ 
acceptable acid addition salts include those derived from inorganic acids like 
5 hydiiocMoric p hydrobromic, nitric, carbonic, monohydrogencarbonic, phosphoric, 
monohydinogenphosphoric, dihydirogenphosphoric, sulfuric, monohydrogensulfuric, 
hydriodic, or phosphorous acids and the like, as well as the salts derived from relatively 
nontoxic orgjanic adds Dike acetic, propionic, isobutyric, snaleic, maJonic, benzoic, 
succinic, suberic, fumaric, lactic, maandelic, phthalic, benzenesulfonic, p-tolylsulfonic, 

10 citric, (tartaric, methanesulfonic, and the like. Also included are salts of amino acids such 
as alginate and the like, and salts of organic acids like glucuronic or galactunoric acids 
and the like (see, for example, Besge et al., "Pharmaceutical Salts' 9 , Journal of 
Phajranacoiitical Science, 1977, 66, 1-19). Certain specific comnipounds of the present 
invention contain both basic and acidic functionalities that allow the compounds to be 

15 converted into either base or acid addition salts. 

The neutral forms of the compounds are preferably regenerated by 
c^ntadfagthesaStwithabaseor acid and isolating the parent compound in the 
conventional manner. The parent form of the compound differs from the various salt 
forms in certain physical properties, such as solubility in polar solvents. 

20 In addition to salt fomms, the present invention provides compounds^ which 

sure on apmdrug form. Prodrugs offche compounds described herein are those compounds 
tot readily undergo cheamiical changes under physiological conditions to provide tine 
compounds of the present invention. Additionally, prodrugs can be converted to the 
compounds of the present invention by chemical or biochemical methods in an ex vivo 

25 envronment For examniple, pmdrags can be slowly converted to flhe compounds of the 
present invention when placed in a transdermal patch reservoir with a suitable enzyirne or 
chemical reagent 

Certain compounds of the present invention can exist in unsolvated forms 
as well as solvated forms, including hydrated forms. In general, the solvated forms are 
30 equivalent to unsolvated forms and are encompassed within the scope of the present 
invention. Certain compounds of the present invention may exist in multiple crystalline 
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or amoiphous forms. In general, all physical forms are equivalent for the uses 
contemplated by the present invention and are intended to be within the scope of the 
present invention. 

Certain compounds of the present invention possess asymmetric carbon 
5 atoms (optical centers) or double bonds; the racemates, diastereomers, geometric isomers 
and individual isomers are encompassed within the scope of the present invention. 

The compounds of the present invention may also contain unnatural 
proportions of atomic isotopes at one or more of the atoms that constitute such 
compounds. For example, die compounds may be radiolabeled with radioactive isotopes, 

10 such as for example tritium {*H) 9 iodine-125 ( l25 I) or carbon-14 ( ,4 Q. All isotopic 
variations of die compounds of the present invention, whether radioactive or not, are 
intended to be encompassed within the scope of the present invention, 

"Pharmaceutically acceptable acid addition salt 9 * as used herein refers to 
salts retaining the biological effectiveness and properties of the free bases and which are 

IS not biologically or otherwise undesirable, formed with inorganic acids such as 

hydrochloric acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid and the 
like, and organic acids such as acetic acid, propionic acid, glycolic acid, pyruvic acid, 
oxalic acid, maleic acid, malonic acid, succinic acid, fumaric acid, tartaric acid, citric 
acid, benzoic acid, cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic 

20 add, p-toluenesulfonic acid, salicyclic acid and the like. 

"Pharmaceutically acceptable base addition salts" as used herein refers to 
those salts derived from inorganic bases such as sodium, potassium, lithium, ammonium, 
calcium, magnesium, iron, zinc, copper, manganese, aluminum salts and the like. Salts 
derived from pharmaceutically acceptable organic nontoxic bases include salts of 

25 primary, secondary, and tertiary amines, substituted amines including naturally occurring 
substituted amines, cyclic amines and basic ion exchange resins, such as isopropylamine, 
trimethylamine, diethylamine, triethyiamine, tripropylamine, ethanolamine, 
2-diethylaminoethanol, trimethamine, dicyclohexylamine, lysine, arginine, histidine, 
caffeine, procaine, hydrabamine, choline, betaine, ethylenediamine, glucosamine, 

30 methylghicamine, theobromine, purines, piperizine, piperidine, N-ethylpiperidine, 
polyamine resins and the like. 
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The term "biological property 19 as used herein means an in vivo activity 
that is directly or indirectly performed by a compound or pharmaceutical composition of 
die invention that is often shown by in vitro assays. In die present invention, the 
biological property is neuroprotection, including the prophylaxis, treatment and/or cure of 
5 disorders of the nervous system. 

The term "isomer" as used herein refers to a compound having the same 
number and kind of atoms and hence the same molecular weight as another compound, 
but differing in respect to the arrangement or configuration of the atoms of the compound 
(e.g. cis and trans isomers). The tenn "isomer" also includes stereoisomers, 

10 diastereoisomers, enantiomers or mixtures thereof. The D-isomer is preferred 

The tenn "substructure" as used herein refers to a portion of a chemcial 
compound. For example, a single aromatic ring of a napthalene structure is herein 
referred to as a substructure of the entire napthalene molecule. 

The term "hydrate" as used herein refers to die product of water with a 

1 5 compound of die invention such that die H-OH bond is not split A compound of the 
invention may form more than one hydrate. However, the amount of water in a hydrate 
of the invention is such that die compound remains stable. Preferably, a hydrate of a 
compound of the invention contains about 0.1-10% water. 

The tenn "prodrug 9 * as used herein refers to a pharmacologically inactive 

20 derivative or precursor of a compound of the invention which upon biotransformation, 
either spontaneous or enzymatic, within an organism releases a compound of the 
invention as a pharmaceutical^ active drug. A prodrug derivative of a compound of the 
invention contain groups cleavable under metabolic conditions such as, for example, 
solvolysis under physiological conditions or enzymatic degradation. According to the 

25 invention, a compound of the invention resulting from the biotransformation of its 
prodrug derivative are pharmaceutical^ active in vivo. Prodrug derivatives of a 
compound of the invention may be designated as single, double, triple, etc., 
corresponding to the number of biotransformation steps required to release the 
pharmaceutical^ active compound of the invention within the organism and/or indicating 

30 the number of functionalities present in the prodrug derivative. Prodrugs often offer 
advantages of solubility, tissue compatibility, or delayed release in the mammalian 
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organism (see, Bundgard, Design of Prodrugs, pp. 7-9* 21-24, Elsevier, Amsterdam 1985 
and Silverman, The Organic Chemistry of Drug Design and Brag Action, pp. 352-401, 
Academic Press, San Diego, CA, 1992). 

As used herein, the torn "saccharide" may be used interchangeably with 
5 the torn "carbohydrate" and refers to single simple sugar moieties or monosaccharides as 
- well as combinations of two or more single sugar moieties or monosaccharides covalently 
linked to form disaccharides, oligosaccharides, and polysaccharides. The term 
"saccharide" also includes N-acetylated and N-deacylated derivatives of such 
monosaccharides, disaccharides, oligosaccharides, and polysaccharides. Saccharides for 

10 use in the invention may be linear or branched. Examples of suitable monosaccharides 
include, but are not limited to, known aldoses, and ketoses (i.e. aldehyde and ketone 
derivatives of staiigM-ctoin polyhydroxy alcohols containing at least three carbon atoms) 
imctading, for example, glyeerfdehyde, ©ryteose, threose, ribose (Rib), arabinose (Ara), 
xylose (Xyl), lyxose (Lyx), allose, altrose, glucose (Glc), rmannose (Man), gulose, idose, 

1 5 galactose (Gal), Mos©, dihydroxyacetone, eryfthrulose, rifoulose, xyfalose, psicose, 
fructose (Frc), sorbose, and tagatose. Other examples of suitable monosaccharides 
include, but are not limited to, ffucose (Fuc), N-acetytaeuraminic acid (also called sialic 
acid, NANA, or NAN (Sia)), N-acetylglucosamine (GlcNAc), and N-acetylgalactosamine 
(GalNAc). The cyclic hemiacetal and hemiketal forms of the monosaccharides are 

20 contemplated within the defined team Other examples of suitable saccharides include, 
bit aire not MmMted to, those illustrated in Figure 1. 

• As used herein, the tan "disaccharide" refers to a saccharide composed of 
two monosaccharides linked together by a glycosidic bond. Examples of disaccharides 
include, but are not limited to, lactose (Lac) (glycosidic bond between Gal and Glc), 

25 smotos© (Sue) (glycosidic bond between Fire and Glc), and maltose (Mad), isomaltose and 
celobiose (glycosidic bond between Glc and Glc). 

The term "oHgosaccharide* includes an oligpsaccharide that has a 
reducing end and a non-reducing end, whether or not the saccharide at the reducing end is 
m feet a reducing sugar. In accordance with accepted nomenclature, an oligosaccharide is 

30 depicted herein with the non-reducing end on the left and tine reducing end on the right. 
An oligosaccharide described herein may be described with the name or abbreviation for 
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the non-reducing saccharide (e.g., Gal), followed by the configuration of (he glycosidic 
bond (a or p), die ring bond, die ring position of the reducing saccharide involved in the 
bond, and then the name or abbreviation of the reducing saccharide (e.g., GlcNAc). The 
linkage between two sugars may be expressed, for example, as 2,3,2->3, 2-3, or (23). 
5 The term "sphingoid," as used herein, includes sphingosines, 

phytosphingosines, sphinganines, ceramides, and the like. Both naturally occurring and 
synthetically produced compounds are included 

The term "glycosphingolipid" is a carbohydrate-containing derivative of a 
sphingoid or ceramide. The carbohydrate residue is attached by a glycosidic linkage to 

10 CM of the sphingoid. 

The term "sialic acid" (abbreviated "Sia") refers to any member of a 
family of nine-carbon carboxylated sugars. The most common member of the sialic acid 
family is N-acetyl-neuraminic acid (2^eto-5-acetamindo-3,5-dideoxy-D-glycero-D- 
galactononulopyranos-l-onic acid (often abbreviated as Neu5Ac, NeuAc, or NANA). A 

IS second member of die family is N-glycolyl-neuraminic acid (NeuSGc or NeuGc), in 

which die N-acetyl group of NeuAc is hydroxylated. A third sialic acid family member is 
2-keto-3-deoxy-nonulosonic acid (KDN) (Nadano et al. (1986) J. Biol. Chem. 26 1 : 
1 1550-1 1557; Kanamori et aL (1990) J. Biol. Chem. 265: 2181 1-21819. Also included 
are 9-substituted sialic acids such as a 9-OCi-Q acyl-Neu5Ac like 9-O-lactyl-NeuSAc 

20 or 9-0-acetyINeu5Ac, 9-deoxy-9-fluoro-Neu5Ac and 9-azido-9-deoxy-Neu5 Ac. For 
review of the sialic acid family, see, eg., Varid (1992) Glycobiology 2:25-40; Sialic 
Acids: Chemistry, Metabolism and Function, R. Schaner, Ed. (Springer- Verlag, New 
York (1992). The synthesis and use of sialic acid compounds in a sialylation procedure is 
described in, for example, international application WO 92/16640, published October 1, 

25 1992. 

As used herein, the term "linker* refers to any element, atom, molecule, 
that serves to join one portion of a molecule to another. Linkers are well known to those 
skilled in the art Linkers can be mono- or multifunctional. 

As used herein, the term "donor" refers to any molecule that serves to 
30 donate or provide a monosaccharide for addition to a growing saccharide chain or 
acceptor molecule. Thus the sugar moiety serves as one part of a donor molecule. 
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Generally, the monosaccharide moiety is transferred from the donor to an "acceptor," as 
defined herein, by means of an enzymatic reaction. Donor molecules include those 
known to those of skill in the art and will vary depending upon the desired 
monosaccharide to be transferred 
5 As used herein, the torn "contacting" or "contact" in relation to an 

enzyme and "donor" and an "acceptor" to form a growing saccharide chain means 
bringing the enzyme and donor into association with the "acceptor" or growing 
saccharide chain to affect the addition of a new monosaccharide unit to the acceptor or 
glowing saccharide chain. 

1 0 As used herein, the term "acceptor" refers to a molecule capable of 

receiving a monosaccharide moiety from a donor, each as defined herein. An "acceptor" 
may accept more than one monosaccharide such that a linear or branched "saccharide," as 
defined above, can be formed. Thus, the term "acceptor" includes a molecule containing 
a growing saccharide chain. 

15 As used herein, the term "non-immobilized" in reference to an "acceptor", 

as defined herein, means that the acceptor is not affixed or bound For 
example, an acceptor that is in solution would be a "non-immobilized" acceptor. 

The term "glycosyltransferase" as used herein refers to enzymes that 
catalyze the transfer of sugar moieties from activated donor molecules to specific 

20 acceptor molecules, each as defined herein, forming glycosidic bonds. Examples of 
glycosyltransferases include, but are not limited to, galactosyltransferase, 
ghicosyltransferase, fucosyltransferase, and GalNActransferase. Further, 
glycosyltransferases may be classified according to the stereochemistries of the reaction 
substrates and products as either retaining, i.e., leading to retention of the anomeric 

25 configuration (for instance UDP-glucose -> a-glucoside), or inverting, i.e., leading to 
inversion of the anomeric configuration (for instance UDP-glucose -> (J-glucoside) 
(Simtott, MX. (1990) Chem. Rev. 90, 1 171-1202). The classification groupings of 
families of glycosyltransferases is explained by Coutinho, P.M. & Henrissat, B. (1 999) 
Carbohydrate-Active Enzymes server, which can be found on the Internet at 

30 <<afmb.cnrs-mrs.fr/-^^ 
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As used herein, the term "trans-sialidase" refers to an enzyme that 
catalyzes the addition of a sialic add to galactose by means of am a-2,3 glycosidic 
linkage. Trans-siaKdases may be found in many Tirypaiaosomy species and some other 
parasites. Trans-sialidases of these parasite organisms retain the hydrolytic activity of 
5 usual sialydase, but with much less efficiency, and catalyze a reversible transfer of 
terminal sialic acids from host sMoglycoconjugates to parasite surface glycoproteins in 
the absence of CMP-sialic add Trypanosoma ami, which causes Chagas disease, has a 
sosfee toans-siaMdase the catalyzes preferentially the transference of ©-2,3-linked sialic 
acid to acceptors containing terminal ^-galactosyl residues, instead of the typical 

10 hydrolysis reaction of most sialidases (Ribeirao et aL, 1997, GlycobioL, 7:1237-1246; 
Takahashi et al., 1995, Anal. Biodliem., 230:333-342; Scudder et aL, 1993, J. Biol 
Chesn., 268:9886-9891; Vasiidekescklbove et al., 1992, GlycobioL, 2:541-548). T. cruzi 
trans-siaMdase (TcTs) has activity towards a wide range of saccharide, glycolipid, and 
glycoprotein acceptors which terminate with a ^-linked galactose residue, and synthesizes 

15 exclusively an <e2-3 sialosidic linkage (Scudder et aL, supra). At a low rate, it also 
toasfors sialic acid fiom synthetic ©-sialosides, such as p-nitrophenyl-^-N- 
acetylneuraminic add, but NeuAc2-3GalfM-4(Fuc<&l-3)Glc is not a donor-substrate. 
Modified 2-[4-methylumbelMjferone]-G-ketoside of N-acetyl-D-neuraminic acid (4MU- 
NANA) and several derivatives thereof can also serve as donors for TcTs (Lee & Lee, 

20 1994, Anal Biochem, 216:358-364). Enzymatic synthesis of 3 9 -sialyl-lacto-N-biose I 
has been-ca&aDyzed by TcTs flranni lacto-N-biose I as acceptor and 2 9 ~{4^ 
HmAyhmbdlyfe^^ as donor of the N-acetylneuraminil moiety 

(Veto© et aL, 2000, Eur. J. Biochem., 267:942-949). Further information regarding the 
use of trans-sialidase to synthesize c^-sMylated conjugates can be found in European 

25 Patent Application No. 0 557 580 A2 and U.S. Patent No. 5,409,817. The intramolecular 
teans-snalidase ftora the leech Macrobdella decora exhibits strict specificity toward the 
cleavage of terminal Neu5Ac (N-acetyteeuramMc acid) ©2 -5> 3 Gal linkage in 
sialoglycoconjugates and catalyzes an intramolecular trans-sialosyl reaction (Luo et al., 
1999, J. Moi Biol, 285:323-332). Trans-sialidases primarily add sialic acid onto 

30 g^actose acceptors, but will transfer sialic acid onto some other sugars. Transfer of sialic ' 
acid onto GalNAc, however, requires a sialyltransferase. Further information on the use 
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of trans-sialidases can be found in PCT Application No. WO 93/1 8787; Vetere et at, 
1997, Eur. J. Biochem., 247:1083-1090. 

As used herein, the term "sialyltransferase" refers to enzymes that catalyze 
glycoside synthesis by invasion of the configuration of the added sugar and which 
5 require sugar nucleotides as the monosaccharide donor. An example of a 

sialyltransferase is the enzyme from the trypanosome Trypanosoma rangeli called TrSA 
(Buschiazzo et aL, 2000, EMBO J., 19:16-24). 

DETAILED DESCRIPTION OF THE INVENTION 
10 The invention provides a novel synthetic ganglioside of formula (I): 

X 
I 

Saccharide— Z^^CH^Rs ^ 

I 

Y 

hi formula (I): 

the saccharide is as defined herein selected from the group consisting of a 
monosaccharide, a di saccharide, an oligosaccharide, a polysaccharide, an N-acetylated 
1 5 derivative thereof, and an N-deacylated derivative thereof; 

ZisO,S,or-NRi; 

X is H, -ORi, -NR1R2, -SRi, or -CHRiR 2 ; 

20 

Ri and R3 are independently H, -CH2R3, -C(=M)R3, -C(=M)-p-R3, -SO2R3, 
-SO3, alkyl, cycloalkyl, aryU arylalkyl, heteroaryl, heteroalkyl, or haloaDcyl; 

MisO,NIUorS; 

25 

R4 is H, alkyl, cycloalkyl, aryl, arylalkyl, heteroaryl, heteroalkyl, or 

haloalkyl; 

p is O, -NR4, or S, where R4 is as set forth above; 
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R 3 is H, aUcyl, cycloalkyl, arylalkyl, haloalkyl, aryl, heteroaryi, or 

heteroalkyl; 

5 Y is H, -ORu -SRi, -NRiR 2 , branched alkyl, cycloalkyl, aryl, arylalkyl, 

heteroaryl, heteroalkyl, or haloalkyl, whore Ri and R2 is as set forth above; and 

R5 is H, alkyl, cycloalkyl, aOcenyl, aryl, arylalkyl, heteroaryi, heteroalkyl, 

or haloalkyl; 

10 

and all pharmaceutically acceptable salts, isomers, hydrates, prodrugs, and 
solvates thereof with the proviso that when Z is O, Y is OH, and R 5 is alkenyl, X is not 
any of-NH 2 , -NH(aIkyl), -NHC(=0)alkenyl, ^HC(=0)fluon)alkyl, and - 
NHC(=0)aIkyL 

15 

The invention also provides a novel synthetic ganglioside of formula (II): 

x 




wherein: , 

X is -OH, -OC(K))-Ci-Ciialkyl, or -OC(=0>haloalkyl; and 
20 R 5 is a Ci-Cig alkyl; and 

and all pharmaceutically acceptable salts, isomers, hydrates, prodrugs, and solvates 
thereof 

The invention further provides compounds of formula (II) asset forth in 
Table 1 below and include their pharmaceutically acceptable salts, isomers, hydrates, 
25 prodrugs, and solvates: 

I TABLE 1 
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TABLE 1 


1 


Gal-P3-GalNAc-P4-Gal-P4-Gk — 
|a3 
NANA 


OH 




2 


OH 

Gal-p3-GalNAc-P4-G^^ 

Ia3 OH 
NANA 

where R is C18, C16,...C4 




6 


Gal-P3-GalNAc-P4-Gal-P4-G]c — 
|a3 
NANA 


0 

OH 




7 


Grf-P3-GalNAc-p4^3al-P4-Glc — 0^ 
|o3 
NANA 






8 


Gal^3<^lNAc.p4-Gal-P4<}k— 
|a3 
NANA 


Q 

CH2CCI3 

0 




9 


Ga*^3^NAc-P4-Gal-P4-Glc — 
|a3 
NANA 


j^— CH2CHCI2 

OH 




10 


Ga^3<UlNAc^4-CUl-p4-Glc — 
|a3 
NANA 


^-CH^CHa 
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TABLE 1 


11 


o x 

^— CHCfe 
0 

Gal^3^NAcH04-Gal-P^ 
NANA 


12 


o 

Gal-P3<5aJNAc-P4-Gal-34431c — 0 ^^JL^^^^^v/S/V^V/ ^ 
l«3 OH 
NANA 



The invention also provides synthetic gangliosides of formula (HI): 

x 

GalNAc-Gal-Glc — O^Js^^s^Rs ^ 
NANA 

wherein: 

5 X is -OH, -OC(=OKi-Cnalkyl, or -OC(0>haloalkyl; and 

R 5 is a C|-C| 8 aDcyl; and 
and all pharmaceutical^ acceptable salts, isomers, hydrates, prodrugs, and solvates 
thereof 

The invention further provides compounds of formula (HI) as set forth in 
10 Table 2 below ami include their pharmaceutically acceptable salts, isomers, hydrates, 
prodrugs, and solvates: 



TABLE 2 


14 


OH 

GaWAo-04^-p4^1c^^x^ 
l«* OH 
NANA 


15 


OH 

GaINAe-04^a!-P4<}te^ 

Ia3 OH 
NANA 

where R is CI 8, C16,...C4 
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The invention also provides a synthetic ganglioside of formula (IV): 



Gal-Glc — O^^Jsy^^Re 

I OH 
NANA 



(IV) 



wherein: 

X is -OH, -OC(=0)-C,-C n alkyl, or -OC(=0)-haloalkyl; and 
5 R 5 is a Ci-Cu alkyl; and 

and all pharmaceutical^ acceptable salts, isomers, hydrates, prodrugs, and solvates 
thereof 

The invention further provides compounds of formula (IV) as set forth in 
Table 3 below and include their pharmaceutical^ acceptable salts, isomers, hydrates, 
10 prodrugs, and solvates: 



TABLE 3 


20 


OH 




Gtl-04-Glc — O^X^^^ 








NANA 


21 


OH 

I«3 OH 
NANA 

where R is C18, C16,...C4 



The invention further provides a synthetic ganglioside of formulae (Va), 
(VbX(Vc)and(Vd): 



Saccharide 2 



I Re \JV 
Y 



(Va) 



15 



Saccharide Z 



X 
I 



\^ CH >ch"V R7 

Re 



(Vb) 



1 
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X 

Re 

Saccharide 



^^V *" (Vc) 
I Re 

Y ,and 



Saccharide ^CH ^CH 3 ^ rjx 

X CH (Vd) 

I 

Y 



5 Id formulae (Va), (Vb), (Vc), and (Vd), as set forth above: 

the saccharide is selected from the group consisting of a monosaccharide, 
a disaccharide, an oligosaccharide, a polysaccharide, an N-acetylated derivative thereof, 
and an N-deacylated derivative thereof, preferably, the saccharide is selected from the 
group consisting of: 

Gat-GalNAc-Gal-GIc $ GalNAc-GaJ-Glc i Gal-GIc S 

I I I 

10 NANA , NANA , and NANA ; 

more preferably, the saccharide is: 

Gal-GalNAc-Gal-GIc $ 

I 

NANA 

ZisO,S,or-NRi; 

15 X is H, -OR t , -NR1R2, -SRi, or -CHR1R2; preferably, -NR1R2; 

Ri and R 2 are independently H, -CH2R3, -CH(halo) 2 , -C(=M)R3, -C(=M)- 
p-R* -SO2R3, -SOj, alkyl, aryj, arylalkyl, heteroaryl, heteroalkyl or haloalkyl; preferably, 
-CH(halo>2 or -C(=M)R3; 

20 

MisO,NR«orS; 

R4 is H, alkyl, aryL, arylalkyl, heteroaryl, heteroalkyl, or haloalkyl; 
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p is O, -NR4, or S, where R4 is as set forth above; 

R 3 is H, alkyl, arylalkyl, haloalkyl, aryL, heteroaryl, or heteroalkyl; 

5 

Y is H, -ORi, -SRi, -NR1R2, alkyl, aryl, arylalkyl, heteroaryl, heteroalkyl, 
or haloalkyl, where Rj and R 2 is as set forth above; preferably, -ORi, where R| and R2 is 
as set forth above; and 

10 R*, IV, R**, R7 and Rg are independently H, alkyl, cycloalkyl, alkenyl, 

alkynyl, aryl, heterocycloalkyl, heteroaryl, thioalkyl, thioaryl, -Of, - NR9R10, 
-C(=C)R9, -C(=0)OR9, or-C(=0)NR9Rio, where R* R*', R*", R 7 and Rg maybe 
optionally substituted with at least one group selected from the group consisting of halo, 
haloalkyl, aflcoxy, and thiohaloaBcyl; and where R*', R^'and R 7 , or R* and R 7 , or R7 and 

15 Rg, or Re and Rg, or R$', R**, R 7 and Rg, or R*, R 7 and Rg may each independently be 
taken together with the atoms to which they are attached to form a substituted cycloalkyl, 
heterocycloalkyl, aryl or heteroaryl group; preferably, where R*', R*"and R 7 , or R* and 
R 7 , or R 7 and Rg, or Re and Rg, or R*', R**, R 7 and Rg, or R*, R 7 and Rg may each 
independently be taken together with the atoms to which they are attached forms an 

20 optionally substituted aryl or heteroaryl; with the proviso that when R 7 of formula (Vb) is 
an alkyl group or a Cm alkenyl group, X is not a -NH-fatty acid group and Y is not -OH; 

R9, Rio, and Rn are independently alkyl, cycloalky, aryl, arylalkyl, 
heteroaryl, or heteroalkyl, where R* Rio, and Rn may be optionally substituted, 
25 preferably substituted with at least one group selected from the group consisting of halo, 
haloalkyl, aDcoxy, and thiohaloalkyl; and where R9 and Rio taken together with the 
nitrogen to which they are attached form a heterocyclic ring at least one heteroatom 
selected from N, O and S. 

30 and all pharmaceutical^ acceptable salts, isomers, hydrates, prodrugs, and 

solvates thereof 
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X O 
Saccharide— Z V^ C \ H ^^N>^\ N ^\ 

X o 
Saccharide— Z v^ H ^ H ^A N ^N 



In yet another embodiment of the invention, the 

* moiety of (Vb) is an aromatic moiety, including but not limited to, mono-, 

bi- and polycyclic aromatic ring systems, as defined herein. Such aromatic ring systems 
may be either homocyclic or heterocyclic, or a mixture of both. Such aromatic ring 
structures may also be unsubstituted, or mono-, bi- or polysusbstituted. Examples of 
synthetic gangliosides of the invention comprising such aromatic moieties include: 



10 




, and 
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O 

O 



In still another embodiment of the invention* me 

Re 

* ^« moiety of (Vb) is such that the double bond has been removed by 
simultaneously substituting R9 for and Rio for R$, as defined herein. An example of 
5 such a substituted embodiment of the present invention is illustrated by 

The invention further provides preferred compounds of formula (Vb) 

where the 

^* moiety is selected from the group consisting of: 

10 < , 
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OH 



5 

The invention also encompasses all pharmaceutical^ acceptable isomers, 
salts, hydrates, solvates, and prodrugs of each of the compounds described above. In 
addition, such compounds can exist in various isomeric and tautomeric forms, and all 
such forms are meant to be included in the invention, along with phannaceuti cally 
10 acceptable salts, hydrates, and solvates of such isomers and tautomers. 

Methods of Preparation 

According to the invention, synthetic ganglioside compounds of formulae 
0) and (Va)-(Vd) may be prepared using, unless otherwise indicated, conventional 
15 methods and protocols in chemistry and enzymology known in the art For example, 
compounds of the invention may be prepared by synthetic and enzymatic processes as 
outlined in Schemes 1-6 set forth below.. 

A. Method of preparing saccharide 
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The saccharide portion of the compounds of the invention my be 
prepared by any means Iknown k&eM including those methods described taU.S. 
Patents No. 5,922^77, 6,284,493 amd 6331,418, each of which is incorporated herein in 
nts entirety by irelfermse. tefeably, the saccharide portion of (She coimpounds of the 
5 kvention Is prepared enzymatically whemeby a specific enzyme may be nosed to affect 
transfer of & monosaccharide ffiom a donor molecule to sib acceptor molecule, each as 
deSaed lueses®. 

Moms specifically, dlisaccharides, oMgosacclharides auad polysaccharides,, as 
fomd in the synthetic gangEoside compounds of the invention, may be prepared 
10 toosynthetacsSlly by use of glycosyltsmsferases. Such glycosyltransferase reactions may 
" be earned out m tibe pmssence of an organic solvent, such as, for example, methanol, 
ethanol, dimAylsdlfoxidtej, isopropanol, tetahydrofuran, chloroform, and the like, either 
saimgHy or in combination. Alternatively, sn&ch gEycosyitransferase reactions may be 
conducted in a biological medium 5b vitro, such as a biological buffer, a cell lysate, or on 
15 a dlmniatogsrspMc support, wtaein the glycosyltransferase is immobilized on the 

dhiromatographic support and She other components of the reaction mixture are contacted 
mA &e glycosyfansfe^ by contacting the components with the chromatographic 
support in an aqueous medium. 

GlywsyltmiDisfmise-Mediated synthesis of saccharides found in synthetic 
20 gmgEoside compounds of the mvonitioB may also be conducted in vivo. For example, 
^M^sdS expinsssion system may be used for gHycosyttonsteise-mediated synthesis. 
Cdll t^jpes test may b© used! for expression of glyeosyltansferases and concomitant 
production of saccharide stiractares include bacterial cells, yeast cells, and insect cells, as 
wouMbeindle^^ The desired saccharide product can be - 

25 5soM©d ffiom tihe cdl in wMch fa was synthesized by lysis of the cell, or by isolation of 
©si ©mllltare »fcn whsan usskg a ©sill tot ©esstgtes the saccharide product into the culture 
SBrfusn. The saccharide podhuict mniay thea be purified by means described elsewhere * 
. Iteek, or it may be used without further purification in a lysate or cell culture medium. 

As would be understood by one of skill an the art, the enzyme used may 
30 ray dqpeading Mpon &e monosaccharide to be transferal Examples of suitable 
eanzymes include, but are not limited to, glycosyltransfaases, trans-sialidases, and 
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sial ^transferases. The choice of glycosyltransferase(s) used in a given synthesis method 
of the invention will depend upon the identity of the acceptor and donor molecules used 
as the starting material and the nature of the desired end product A method of the 
invention can involve the use of more than one glycosyltransferase, whore more than one 
5 saccharide is to be added Multiple glycosyltransferase reactions can be carried out 
simultaneously, i.e., in the same reaction mixture at the same time, or sequentially. 

To obtain sufficient amounts of glycosyltransferase for large-scale in vitro 
reaction, a nucleic acid that encodes a glycosyltransferase can be cloned and expressed as 
a recombinant soluble enzyme by methods known to one of ordinary skill in the art The 
1 0 expressed enzyme maythen be purified by means known to one of ordinary skill in the 
art, or it may be used without further purification in a lysate or cell culture medium. 

By way of example, the saccharide moiety: 

GaM5aINAc-Gal-Glc £ 

I 

NANA 

may be prepared by contacting an acceptor molecule containing a glucose (Glc) with a 
IS galactosyitransferase and a galactose (Gal) donor molecule to form: 

Gal-Glc £ 

which in turn can be contacted with a trans-sialidase and a NANA donor molecule to 
form: 

Gal-Glc £ 

NANA 

20 which in turn can be contacted with a N-acetylated galactose (GaINAc}-trans ferase and a 
GalNAc donor molecule to form: 

GaIN Ac-GaKJlc £ 

i 

NANA 

which in turn can be contacted with a galactosyltransferase and a galactose (Gal) donor 
molecule to form the desired saccharide: 



-39- 



t • 
• » 

1 t 

VWV3tomi9 PCT/IEJS02/27935 

GaH-GaMAc-GaM31c {> 

fl 

NANA 

If the acceptor is a ©arwide^ the enzymatic stqp is typically preceded by 
hydrolysis of the fe$y add moiety iam the caramide; 21 My acid moiety can be 
msateched after completion of the glycosyltomsfeirase reaction. The initial 
5 monosaccharide may be added, dqpsedmg on the desired ©id product, either a ceramide 
gto&osyltaesfoss© (EC 2 ALSO, for gjlucosylcerasnide) or a ceramide 
galasteytansferase (^ 

glycosphingolipid biosynthesis, s©s P e.g., Ichikawa and Hirabayashi (1998) Trends CeU 
Biol. 3:198-202. teamide ^ucosyltransferases are available from various sources. For 

HO essasDpfc, the human nucleotide mpmce is known (GenBank Accession No. D50840; 
fcMkawa et $L (1996) Proc Natl Acad. ScL USA 93:4638-4643), so recombinant 
methods can be used to obtains the razyme. Hue nucleotide sequence of fee human 
©arannide gal&ctosytasmsferase also) has been r^ontedl (GeaBank Accession No. U62899; 
Kapitraov and Yu (1997) BiochenL Biophys. Res. Commun. 232: 449-453), and thus the 

15 «zym© is easily dbtaimiM^lte aooeptar used in these reactions can be any of 
N-ac^Dbingosine, ^pbingosine and dihydrosphingosine. Suitable donor nucleotide 
sugars for the glycosylttramsfaase include UDP-Glc and CDP-GIc, while the 
g^ilactosylttraasfer^ HypicaBy uses UBP-Gai as a donor. 

Methods of msmmvifflig a Hatty md mnoidy ifrann a glycosphingolipid are 

20 tawn do thos© of sMH m the ssr(L Standard carbohydrate and glycosphingolipid chemistry 
methodology can be eennployed, web as that described in, for example, Paulson et al. 
(1985) CMwhydirste Res. 137: 39-62; Bd^Halshmi et al (1967) Caxbohydrate Res. 5: 
25-30; Alais and Veyrimss (1990) Ca^hydrate Res. 207: 11-31; Grudler and Sdnmidt 
(1985) CaabdhiydirateR^. 135: 203-218; PrapiporaiL et al. (1978) Tetrahedron Lett 

25 1717-1720; Murase et sL (1989) Carbohydrate Res. 188: 71-80; Kameyama et al. (1989) 
Caxbohydrate Res. 193: ©1-cS; Hasegawa et al. (1991) J. Caxbohydrate Chem. 10: 
439*459; Sdhwamnann and Sandhoff (1987) Metk Enzymol. 138: 319-341; Guadino 
and Paulson (1994) J. Am. Cfaswu Sec. 1 16: 1 149-1 150 (including supplemental material, 
which is also incoiposated herein by reference). For example, hydrolysis of the fatty acid 
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moiety can be effected by base hydrolysis. Ounce tine glyccsyMon reactions are 
conapl etedl, the same oir a diffesmt fatty add cm b e attached to the product of the 
glycosyktfcn reactions. Mdhods for coaling a fatty acid include those faaown in the art 
Another possible biosynfihetic method for flue synthesis of die saccharide 
5 portion of si compound of the kvmtion is ©KempHified in Scheme 1 below. In a preferred 
^feodirnent, 1ihe acceptor molecule is non-immobilized. For example, the acceptor 
molecule may be &ee in solution or otherwise not associated with other acceptor 

EEHOleCUleS. 

Additional saccharide residues may be added to a compound of the 

HO invention without prior modification of the glycosylation pattern of the glycosphingolipid 
starting material. Alternatively, the invmtion provides methods of altering the 
glycosytoion pattern of a glycospbingp%id prior to adding the additional saccharide 
residues. If tihe starting glycosphh^lipd does not provide a suitable acceptor for the 
gEyco^tanisfoase which catalyzes a desired saccharide addition,, one can modify the 

15 j^lyDDsphingolipid to include an acceptor by methods Iknown to those of skill in the art 
For example, to provide a suitable acceptor for a sialyitransferase, a 
suitable acceptor can be synthesized by using a galactosyltransferase to attach a galactose 
residue to, for example, a GaMAc or other appropriate saccharide moiety that is linked to 
the glycosphingoid. In other embodiments, glycosphingoid-linked oligosaccharides can 

20 be fat %imm©4 n either in whole or in part, to expose either an acceptor for the 

^3^tm^ifeas© or a moiety to ^Aich one or snore appropriate residues can be added to 
obtain a suitable acceptor. TBroymes such as glycos^transforases and endoglycosidases 
sse useful for tlhe attaching smd trimming reactions. 

SMyltransferases and other glycosyltransfeases can be used either alone 

25 ox in a^uactine with additional azymes. For example, Figure 2 shows a schematic 
dEagrsm of tw» pathways for synthesis of the gsnglioside GDj starting torn 
Ifecto^c^ramid©. E&ch pathway involves the use of two different sialyltainsferases (an 
. gs23§T and an c^SST), as well as a GalNAc transferase. In the preferred pathway, the 
Hatty acid is removed feom the lactosyiceiramide by treatment with base (Step 1). 

30 AcetyMon is then performed (Step 2), after which a sialic acid is attached to the 

galactose residue in an o23 linkage by an a2,3 sialyltransferase (Step 3). The sialylation 
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steps are performed, preferably in the presence of an organic solvent as described herein, 
thereby driving the reaction nearly to completion. A GalNAc residue is then added to the 
galactose in a p 1 ,4 linkage using a GalNAc transferase (Step 5). Finally, a fatty acid is 
added, e.g^ by reaction with steroyi chloride, to complete the ganglioside (Step 6). 

SCHEME l 



Gal-Glc 



GalNAc -Gal-Glc- 
I 

Na^ANA 



Gal -GalNAc -Gal-Glc- 




Sialyltransferase (CST-1, Campylobacter), CMP-SA 




GM 2 synthetase (Cgt-a, Campylobacter), UDP-GalNAc 



t**2 



GM| synthetase (Campylobacter), UDP-Gal 



I 

Na*MANA 



B. Method of Preparing Compounds of Formulae (I) -(Vd) 

Compounds of die invention may be prepared by any means known in the 
art Preferred synthetic pathways are illustrated in Schemes 2-5. 
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SCHEME 2 



HN 



R=C, 7 H 3 5orCHa 2 



Gal -GalNAc -Cal-Glc — O 
I 

Na*NANA 




1.0,,CH30H,-78C 
2.Me2S 



Gal -GalNAc -Gal-Glc — O. 



Na + KANA 



OH 



Wittig Reaction 



Gal -GalNAc -Gal-Glc " 
I 

Na*NANA 



R 7 



OH. Re 
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SCHEME 3 



9- 

HN 



^-R 3 I * -C 17 H35 or CHC1 2 I 



halide-CHR 7 R 8 
PbjP 



Gal -CalNAc -Gal-Glc— a 
Na*NANA 

- Ph 3 P + -CHR 7 R € 

Base (NaOMe, NaHMS) 
DMF 



OH 



Gal -GalNAc -Gal-Glc 
I 

Na*NANA 




V R 3 



OH Re 



R 7 Gal-GalNAc -Gal-Glc - 
Na*KANA 



OH Re 



CIS 



hv, AIBN, (RSH) 
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SCHEME 4 



Saccharide — O. 



V-C17H35 
HN_ 

OH 



I 



Mo=CH 2 



HN 



Saccharide — 

OH 



! 



Grubb's Catalyst 



O v 
HN 

Saccharide — O^^s^-^^ R 7 
OH 
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15 



Saccharide — 



i 



OH 



BujSnH, AffiN 



^~~Cl7H3S 

Saccharide — O^A^^^S" Bu 3 
OH 



I 



Palladium Qiemistry 



Saccharide — O^K^^^^i 
OH 

Once synthesized, the compounds of the invention may be isolated and 
purified by any means known in the ait including, but not limited to, chromatography 
5 (e.g., thin, ion-exchange, column), filtration, membrane filtration (e.g., reverse osmotic 
membrane, nanfiltration), recrystallization, distillation, and the like. 

A compound of the invention is useful in the field of neuroprotection. The 
term "neuroprotection" relates to any prophylaxis (pre-onset), treatment (on-set) and/or 
cure (post-onset) of indications resulting from the impairment or destruction of neuronal 
10 cells. Such indications include Parkinson's disease, ischemia, stroke, Alzheimer's, 
central nervous system disorders {e.g., spinal cord injury), multiple sclerosis, 
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to a ooinjmBMi of toe bb^ob, alone or as part of a 

scto^to^maybeiiscailasadiagnosticoT 



feriod disease* « for PartrimsoB's disease, CABG, 

^ ^ etmnfirp iPtodfeep a compound of the invention, alone or as part 
of aptermace^ca! ooaaposition as described S»« may beused as -i- 
^^entofcert^ty^ 

i of the inveatioa ssns suitable 



w ^ atone of as part of a multi-component treatment regimen m i 
fonase stone or ¥ e^i* other syaihe&c gangliesides 

in «tel!mem^cordiagnos«cagen^ y 
10 .^^osides.otesy^ 



25 CMP" „_ J ^^^ - ^^ w 6««*i««»«*l« lml,,ta » 
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.Unpen y • f ^^^ Hdis ^. ForeTOKa 

toe^oroureoffAtoi*^^ ^ 
• ^oftesubjert'sw. A therapeutically effective amount of a 



or 



^ Section, iutravenous (bolus and/or infusion), subcutaneous^ . 
Mid, nasal and intraperitoneal admimst^om. ProfeaOly, 
ttau aioaeor aspast of aphannaosutioalcoB^sidon are taken 



20 ^Mo^bW*^ Fo.ote^cfadn^on.^^^ 



23, ediww _ ^ . ^ taiAiiODMMfy to 

^j^gjjBaJiaaiion of effective dosage I 



administered at lower 



WO 03/01794$ 



PCTMJS02/27935 



A (typical dosage anight range from about 0. 1 mg/kg to i 
preferably from 0.1 mig/kgto about 100 mgfeg, more preferably from about 0.1 mg/kgto 
about 30 nng&g, more preferably from about 0.1 nag/kg to about 1 0 mg/kg, and more 
preferably 0.1 sng/kg to about 3 mg/kg. Advantageously, the compounds of the 
5 mvention, alone or as past of aphamaceutical composition, may be administered seveial 
toesda%,andomerdosageregim^ A compound of tbe invention 

may be administered on a regimen in a single or multidose(e.g. 2 to4 divided daily 



A compound of me kvention, alone or as part of a pharmaceutical 
10 composition for administration may be sterilized prior to adimnistration. Sterilitymay 
be readily accomplished by filtration tbrougb sterile membranes sucb as 02 micron 
membranes, orbyoteoonva^oirfmemods. A compound of the invention, alone or as 
part of apharaiaceutical composition, typically may be stored in lyopMlized form or as 
am aqueous solution. pHanaybeai^fec^tammodeso tosuch 
1 5 dances, me pH typically will range between about 2-10, preferably, between about 5-8, 
inore preferably 6.5-7.5, i.e, physiological pH. 



The ©ompounds and pharmaceutical compositions of the invention maybe 
catile, pigs, dogs, cats, irafls and ■** « » ^ ^ off ^ compounds of 



ta^inmsMt Foresee, ttebMogicd 
^ppB^oftemvrfonc^ 

25 jnfcartfetadm^ 

^teaS m^taffiialic ©sis), mm A (mouse primary cortical neurens), ceramide 
(n^Eastoma^ifflnan)), CAOO-2 (oral abruption), RBC lysis) and in vivo studies (eg. 
mouse and primate MPTP toxicity studies (EP, IV, and/or oral) for effectiveness an the 
treatment of Parkinson's, rat Stoke studies for*iBfectiveness for treatment of neural 

30 damage due to stroke or CABG, and dog studies for treatment of CABG) to evaluate 
neuroprotective efficacy. 
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In the cell based assays, as described herein, the compounds of the 
invention exhibited 50-100% greater neuroprotective activity at lower concentrations 
ranging between about 0.1 to about 1 uM. 

The invention is now described with reference to die following Example. 
5 This Example is provided for foe purpose of illustration only and foe invention should in 
do way be construed as being limited to this Example, but rather should be construed to 
encompass any and all variations which become evident as a result of foe teaching 
provided herein. 

10 EXPERIMENTAL EXAMPLES 

Example 1. General Procedure for Preparing foe GMi Aldehyde. 

GMi (2.5 g, 1.62 mmol) was dissolved in 2500 mL of methanol. This 
solution was cooled to -70°C and ozone bubbled through foe solution until the light blue 

15 color did not disappear (about 30 mins). The ozone was removed by bubbling nitrogen 
through the reaction mixture until the solution became colorless. Then, 80 mL of 
dimethylsulfide was added and the resulting mixture was stirred at room temperature for 
2h. The solvent was evaporated with nitrogen to dryness. The residue was co- 
evaporated with toluene (50 mL) and foe residue dried on a high vacuum pump forth to 

20 yield a white solid containing the aldehyde. 

Example 2. Wittig Reaction Preparation of 
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A suspension containing 3^oio-2-fluom-5<trifluoromethyl)bCTzyl- 
triphenyJphosphonium bromide (2.58g, 4.66 mmol), dimethylformamide (DMF) (50 mL) 
was cooled to -40°C and 1M potasium tert-butyloxide in tert-butylalcohol solution (4.49 



5 mL) was thai added. After 10 minutes, this reaction mixture was added slowly to a 
solution of aldehyde dissolved in DMF (200 mL) and cooled to 

-40°C. After addition was complete, the reaction mixture was stirred at room temperature 
for 1 h. The reaction mixture was then concentrated on a rotovap and die residue 
chromatographed (silica, CHCfe/MeOH 3:1 then, MeOH/H 2 0/NH40H 60:40:7:1) to 

10 afford 1 .5 g (60 % yield) of the desired product as a -70/30 cis/trans mixture. ESI-MS; 
calcdforCeTHiocClF^NaQji, 1559; found 1558 \M-l)\ l H-NMR (500 MHz, 95% 
DMSOo* +5% D&) 6 7.98 (d, J 6.0 Hz, 2H), 7.84 (d, J 6.0 Hz, 1H), 7.82 (d, J 5.5 Hz, 
2H), 7.60 (d, J 5.5Hz, 1H), 7.34 (d, J9.5 Hz, 2H), 6.64 (d, J 16Hz, 1H), 6.48 (d, J 1 1.5 
Hz, 2H), 5.93 (dd, J 11 J/1 1.5 Hz, 2H), 4.79 (d, J 8.5 Hz, 2H ), 4.27 (d, J8.0 Hz, 2H), 

15 4.21 (d, J 8.5 Hz, 2H), 3.00-4.00 (m), 1.98 (m, 2H), 1.86(s, 3H, COCH 3 ), 1.78ts, 3H, 
0OCH 3 ), \2S(m), 0.83 (t, 3H, CHj). 
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Example 4. Wittig Reaction Preparation of 




The Wittig procedure of Example 2 was followed except that die starting ylide was 
changed. The desired product was obtained as a solid (21% yield), as a 50/50 cis/trans 
5 mixture. ESI-MS; calcd for Q^HmNjChi, 1417; found [M-l]\ 



Examples. Wittig Reaction Preparation of 




The Wittig procedure of Example 2 was followed except that foe starting ylide was 
10 changed. The desired product was obtained as a solid (45% yield). ESI-MS; calcd for 
CoHiwCINfiOji 1540; found 1539[M-ir. 'H-NMR (500 MHz, 95% DMSOd<+ 5% 
DjO) 8 8.00 (d, J 9.0Hz, 2H), ISO (d, J9.0 Hz, 2H), 4.80 (d, J 8.5 Hz, 1H), 4.26 (d, J 8.0 
HzX 4.22 ( d, J 75 Hz, 1H), 4.19 (d, J 8.0 Hz, 1H), 3.05-4.00 (m), 2.02 (m, 2H), 1.87 (s, 
3H, COCHjX 1.75 (s, 3H, COCH3), 1.21 (s), 0.83 (t, J6.5Hz, CH 3 ). 

15 

Example 6. Wittig Reaction Preparation of 
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The GMi aldehyde (20 mg, 0.013 mmol) of Example 1 and dioctyiamine (6 mg, 0.024 
nunol), was added with stirring to 2.5 mL of dimethylfonnamide (DMF) at room 
temperature. Then trans-2-phenyIvinylboronic acid (9 mg, 0.045 mmol) in methanol (5 

5 mL) was added The resulting solution was stirred at room temperature for three days. 
The reaction mixture was then concentrated to dryness on a rotovap and the residue 
purified by solid phase extraction using a 1 g HAX cartridge. The eluant was then 
purified using HPLC to afford 9.5 mg (43% yield) of white solid ESI-MS ; cacld for 
QbHiuN+Qm, 1693; found 1692 [MAY. 'H-NMR (500 MHz, 95% DMSO-d^ 5% 

10 D2O)8 8.05(d».0Hz>lH),7^ 

4.80 (d, J 85 Hz, 1H), 4.28 (d, J 8.0 Hz, 1H), 4.22 (d, J 8.0Hz, 1H), 4.16 (d, 4.2 Hz, 1H), 
3.00-4.00 (m), 2.10 (m, 2H), 1.86 (s, 3H, COCH 3 ), 1.60 (s, 3H, COCH 3 ), 1.19 (s), 0.83 (t, 
3H,CH 3 ). 

15 Example 7. MPTP/VMC assay (in vitro) for Evaluation of Neuroprotective Efficacy 

00- 

l-MethyMiiheayM^ 
("MPTP") 

Ventral Mesophenthalic Cells (VMCs) are isolated from fetal rat brain 
stems (15 days old). Cells are cultured for several days (48 well plates) with controls on 
20 every plate. Cells are treated with MPTP (10 pM) for 24 hours which results in 30-5 0% 
cell death. Toxin is then removed Cells are then treated with a compound of the 
invention in DMSO. After 24 hours, a tyrosine hydroxylase immuno-stain and cell count 
is performed 
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The controls are MPTP (10 yM- 30-50% cell kill) and GMi {30 pM) or 
LIGA-20 (10 fiM) - 30-50% protection. 

Example 8. Sialylation of Lyso-lactosyl ceramide 
5 This Example describes the reaction conditions for sialylation of 

lyso-lactosyl ceramide. Lactosylceramide was obtained from bovine buttermilk and the 
fatty acid moiety removed by base hydrolysis to form lyso-lactosyl ceramide. A mixture 
of the lyso-lactosyl ceramide (1.0 mg, 1.6 iimol) and CMP-sialic add (2.46 mg, 65% 
purity, 2.40 pmol in HEPES buffo (200 mM, containing 8% MeOH, pH 7.5, 50 \jlL) was 
10 sonicated for twenty minutes. <x2,3 sialyltransferase (10 yL, 5 U/mL, 50 mU) was then 
added followed by alkaline phosphatase (1 fiL, 1.0 x 10 s U/mL, 100 U). The reaction 
mixture was kept at room temperature. After one day, a further portion of ct23 
sialyltransferase (10 |iL, 5U/mL, 50 mU) was added. After four more days, an additional 
portion of ct23 sialyltransferase (10 pL, 5U/mL, 50 mU) was added. After an additional 
1 5 one day at room temperature, thin layer chromatography indicated that the reaction was 
nearly complete. 

Example 9. Synthesis of GM2 from Lactosylceramide Obtained From, Bovine 
Buttermilk 

A schematic diagram of showing two pathways for synthesis of the 
ganglioside GM2 from lactosylceramide obtained from bovine buttermilk is shown in 
Figure 1. In the pathway shown at left, the fatty acid is not removed from the 
lactosylceramide prior to sialylation, and the reaction is not carried out in the presence of 
an organic solvent The reaction at right, in contrast, is carried out in the presence of an 
organic solvent, and with removal of the fatty acid 

First, the fatty acid is hydrolyzed from the lactosylceramide by treatment 
with a base and water (Step 1). A sialic acid residue is then added by enzymatic transfer 
to die galactose residue using an oc2,3 sialyltransferase, preferably an ST3GaHV (Step 2). 
This reaction can be carried out in the presence of an organic solvent A GalNAc residue 
is then attached to the galactose in a 01,4 linkage using a GalNAc transferase (Step 3); 



20 



25 



30 
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this step May or may nott fc-s cam ed out in thepresmce of an organic solvent Finally, the 
. fatty add moiety is reattached to fee sphiagosine to obtain the desired GMj ganglioside. 
lbs reaction typicaEy proceeds nearly to completion doe to flue presence of ami organic 
sollvent dtaing fine sMytataon. 

5. 

EEann&pIte Wo Synthesis of Gangiiosides fiom Plant Gtarosyl Ceraanide 

This Example describes three alternative procedures for the synthesis of 
fiie GM2 ganglioside using plant gfacosylces-amide as the precursor (Figure 3). In Route 
l 9 pi 9 4-ga!actosidase is used to catalyze fine transfer of a Gal residue to fine 

10 glycosylceramide. Simultaneously, an a2,3-sialyltansfe£ase is wed am a sialyltransferase 
cycle to link a sialic add residue to file GaL Nest, a p 1 ,4-GaINAc transferase is added to 
ttse reaction nnixture, eMkar with UBP-GalNAc or as part of a GalNAc" transferase cycle, 
M this step, the GalNAc residue is linteJ to the Gal mesidue in an a2 9 3 linkage. 

Route 2 differs from the synthesis shown in Route 1 in that the addition of 

15 the Gal to the glycosylosrasmide is catalyzed by a pl,4-galactosyltoansfe5rase enzyme, 
using either a galactosyltensferase cycle or UBP-Glc/Gal as fine acceptor sugar. 
Sialylation and addition of GaMAc are earned out as described above to obtain GMj. 

In Route 3 P the fatty acid is first removed by treatment with aqueous base 
prior to fine glycosjdltransfeas© steps. He galactosylation, sMylation, and GalNAc 

20 transferase msactiom are csmed out as in Route 2. Following the addition of the GalNAc 
residue, a f&ftSy acid is Minted to flhs molecule. The flatty acid can be the rane as that 
originally found (nam fine plant j^ucosylcisraniiide^ or can be ditffffensmt Ba fine exannple shown 
in Figaro 4, an activated Q 0 Hatty acid is used, resulting in the synthesis of GM3. Greater 
efficaisacy is gsasraly observed wh^a fine fatty acid is raonioved prior to 4he glycosylation 

25 ffe&sftiras. 

HsamiQipD© BL Synthesis of Ganglioside GM& fflom Glyoosylcmimide 

This Example describes three alternative procedures for the synthesis of 
the GMz and other gangliosides using a glucosylceraxnide as the precursor (Figure 4). In 
30 Route 1 , a pl,4-galactosidase is used to catalyze the transfer of a Gal residue to the 

glycosylcemnide. Simultaneously, an a23-sialyltansferase is used in a sialyltransferase 
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cycle to Unk a sialic acid residue to the GaL Next, a 0 1 ,4-GaIN Ac transferase is added to 
the reaction mixture, either with UDP-GalNAc or as part of a GalNAc transferase cycle. 
In this step, the GalNAc residue is linked to the Gal residue in an <x2,3 linkage. 

Route 2 differs from the synthesis shown in Route 1 in that the addition of 
5 the Gal to the glycosylceramide is catalyzed by a {) 1 ,4-galactosyltransferase enzyme, 
using either a galactosyltransferase cycle or UDP-Glc/Gal as the acceptor sugar. 
Sialylation and addition of GalNAc are carried out as described above to obtain GM 2 . 

In Route 3, the fatty acid is first removed by treatment with aqueous base 
prior to the glycosyitransferase steps. The galactosylation, sialylation, and GalNAc 
10 transferase reactions are carried out as in Route 2. Following the addition of the GalNAc 
residue, a fatty acid is linked to die molecule. In the example shown in Figure 3, an 
activated d s fatty add is used, resulting in the synthesis of GM 2 . Greater efficiency is 
generally observed when the fatty acid is removed prior to the glycosyiation reactions. 

After each synthetic route, additional glycosyltransferases can be used to 
IS add additional saccharide residues in order to obtain more complex gangliosides. 

Example 12. Effect of compounds of the invention on growth of mammalian cells. 
Synthesis of GangUoslde Compounds of the Invention 

Compounds 1003, 1009, 1011, 1014, 1081, 1082, 1083, 1084, 108S, and 
20 1086 were made according to methods of die present invention and stored in powder 
form until use. 
Reagents 

9L cells were obtained from Wake Forest University (Winston-Salem, 
NQ and the other five cell lines from American Type Culture Collection (ATCC, 

25 Manassas, VA). Minimum essential medium Eagles (MEM) and basal medium Eagles 
(BME) media, fetal bovine serum (FBS), newborn bovine serum, and trypsin-EDTA 
solution were obtained from Sigma Chemical Co., St Louis, MO. Dulbecco's modified 
Eagle's medium (DMEM) and Liebovitz L-15 medium were obtained from ATCC 
(Manassas, VA). MTT dye reagents woe obtained from Promega Corporation, Madison, 

30 WL 
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9L ceils we^re grown k BME media wife 10% newborn foovke scoto, 2 
mM gl^^fa^ and 1% p^dllk/s^tomydB at 37°C m 5% OV9S% air. Thecell 
Ikes otamed tana ATCC wes© grown k flu© ATCXJrooarameaded medium salt 37°C k 

5 5% COs/95% ask. SK-N-MC (HTR-10) sad U-87 (HTB-14) wore grown in MBM wife 
Baries salts* 2 ml gtaiamine, 1 mMpyravafl^O.1 M non-essential amino acids (NEAA), 
sand 10% MBS. U-118S (HTB45) and Hs 683 (HTB-138) cells were grown in BMEM, 4 
naM gtotaminep 4.5 g/L gfacose, 1.5 g/L sodium bicarbonate, and 10% FBS. SW 1088 . 
POB-12) cells were grown k Liebovite US medium with 10% FBS in a humidified 

10 37°C ak mvirament (no added CO*). Medtami for each cell line was changed every 
flmd day, and cells were passaged weeMy uusing 025% trypsk-EOTA solution as fee 
dissociation agent 

IPinn>IlSircKrattS(n>m Assay 

Cells at 80% conffli&is^ weans harvested nasing 025% toypsk-EDTA 

15 solution. The trypskized cells w^ pla^k96-well plates a^ 2000 cells per well (witihi 
fee exception of 9L cells, which were pistol at 1 200 cells per well as they grow very 
j&st). Wortkg stoclks of each of the ten compoumds - 1003, 1009, 101 1, 1014, 1081, 
1082, 1083, 1084, 1085, and 1086 - were prepared k dimethyl sulfoxide (DMSO). After 
(file cells wese allowed to attach for 24 h, the oaltaes wese fed and dosed with each of the 

20 tea ©o^TOds - 11003, 1009, 101 1, 1014, 1081, 1082, 1083, 1084, 1085, and 1086 - at 
OMCsntotions of 0.05, 0.5, 5, and 50 fM. For each concentration, triplicate of six wells 
w©e nased. Contois received the sarnie votame of DMSO diluted k medium feafc was 
added to the test wells. The aalttae medium was msniewed wife fcsh test compound ev©ry 
feres days. AiS&sr sewsm days of CTtonr^ 

25 treag^Trte]^^ 

1 00 $aL of ftesh medium and 1 5 of MimzoMiim dye solution to each well and 
kculbatkg the cells at 37°C for 4 k After 4 h, 1 00 £«L of solnabilkation/stop solution was 
added to each well The plates wesr© incubated at room temperature overnight, and fee 
intensity of fee yellow color of each well was measured at 575 run on a Bio-Tek 

30 tosinxmeats (WkoosM, ¥T) rnicsoplate scanning spectrophotometer. 
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It should be understood that the foregoing discussion and examples merely 
present a detailed description of certain preferred embodiments. It will be apparent to 
those of ordinary skill in die art that various modifications and equivalents can be made 
without departing from the spirit and scope of the invention. All the patents, journal . 
5 articles and other documents discussed or cited above are herein incorporated in their 
entirety by reference. 
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What Is Claimed Is: 

1. A compound having the formula: 



X 
I 



Saccharide Z^^CH^^R 1 

r 

Y 

wherein 

5 Z is a member selected from O, S, QR 2 ^ and NR 2 ; 

X is a member selected from H, -OR 3 , -NR^ 4 , -SR 3 , and -CHRV; 
R 1 , R 2 and R 3 are members independently selected from H, substituted or 
unsubstituted alkyl, substituted or unsubstituted heteroalkyl, 
substituted or unsubstituted aryl, substituted or unsubstituted 
10 heteroaryL substituted or unsubstituted heterocycloalkyl, 

-C(=MJR 5 , -CC^^Z-R 5 , -SO2R 5 , and -SO3; 
wherein 

M and Z are members independently selected from O, NR 6 or S ; 

and 

15 Y is a member selected from H, -OR 7 , -SR 7 , -NR 7 R 8 , substituted or 

unsubstituted alkyl, substituted or unsubstituted 
heteroalkyl, substituted or unsubstituted aryl, substituted or 
unsubstituted heteroaryl, and substituted or unsubstituted 
heterocycloalkyl 
20 wherein 

R 5 , R 6 , R 7 and R 8 are members independently selected from 
H, substituted or unsubstituted alkyl, substituted or 
unsubstituted heteroalkyl, substituted or 
unsubstituted aryl, substituted or unsubstituted 
25 hetcroaryl, substituted or unsubstituted 

heterocycloalkyl 
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2. The compound according to claim 1, with the proviso that when X 
isNHR 4 , in whichR 4 is a member selected from Hand -C(=0)R 5 , in which R 5 is 
substituted or unsubstituted alkyi; Y is OH; and Z is O, R 5 is other than a member 
selected from substituted or unsubstituted alkyL 

5 

3. The compound according to claim 1, wherein R 1 has the formula: 
R 9 R 10 ° 13 



in which 

R 9 , R i0 , R n , R 12 and R 13 are members independently selected from H, 
10 substituted or unsubstituted alkyi, substituted or unsubstituted 

heteroalkyl, substituted or unsubstituted heteroaryl, substituted or 
unsubstituted heterocycloalkyl, NR l4 R 15 , OR 14 , -CN, and - 
C(=L)R 14 

wherein 

15 Lisa member selected from 0,S, and NR 16 ; 

R l4 andR 15 are members independently selected from H, 
substituted or unsubstituted alkyi, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted 
heteroaryl, substituted or unsubstituted heterocycloalkyl, 
20 C(0)R 17 , OR 17 , SR 17 and NR I7 R W 

wherein 

R 16 , R 17 and R 18 are members independently selected from 
H, substituted or unsubstituted alkyi, substituted or 
unsubstituted heteroalkyl, substituted or 
25 unsubstituted heteroaryl, substituted or 

unsubstituted heterocycloalkyl, and wherein 
a member selected from R 9 and R 10 ; R 9 and R n ; R 9 and R 12 ; R 9 and 
R 13 ; R 10 and R n ; R 10 and R 12 ; R 10 and R 13 ; R 11 and R 12 ; R 1 1 
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and R 13 ; and R 12 and R 13 , together with the atom to which 
they are attached, are optionally joined to form a ring, 
wherein said ring is a member selected from substituted or 
unsubstituted cycloalkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted heteroaryU and substituted or 
unsubstituted heteroalkyi. 



4. The compound according to claim 1 , wherein R 1 has the formula: 

R 11 



10 wherein 

R",R ,J aiidR 13 are members independently selected from substituted or 
unsubstituted alkyi, substituted or unsubstituted heteroalkyi 
substituted or unsubstituted heteroaryl, substituted or unsubstituted 
heterocycloaDcyl, NR I4 R W , OR 14 , -CN, -C(=L)R !4 
IS wherein 

Lisa member selected from O, S, and NR 16 ; 
R ,4 andR 15 are members independently selected from H, 
substituted or unsubstituted alkyi, substituted or 
unsubstituted heteroalkyi, substituted or unsubstituted 
20 heteroaryi, substituted or unsubstituted heterocycloalkyi, 

C(0)R 17 , OR 17 and NR ,T R 18 
wherein 

R 16 , R 17 and R 18 are members independently selected from 
H, substituted or unsubstituted alkyi, substituted or 
25 unsubstituted heteroalkyi, substituted or 

unsubstituted heteroaryi, substituted or 
unsubstituted heterocycloalkyi, and whom 
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10 



15 



20 



a member selected fiom R 11 and R u ; R u and R 13 ; and R 12 and R 13 , 

together with the atom to which they are attached, are optionally 



substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
aryi, substituted or unsubstituted heteroaryl, and substituted or 
unsubstituted heteroalkyl. 

S. A compound according to claim 1, wherein R l has the formula: 



R 9 > R 10 , R n , R 13 , R 19 , R 20 and R 21 are members independently selected 
fiom H, substituted or unsubstituted alkyi, substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted heteroaryl, 
substituted or unsubstituted heterocycloalkyl, NR I4 R 15 , OR 14 , -CN, 
and-C(=L)R 14 

wherein 

Lisa member selected fiom O, S, and NR 16 ; 

R 14 and R 15 are members independently selected fiom H, 
substituted or unsubstituted aDcyU substituted or 
unsubstituted heteroalkyl, substituted or unsubstituted 
heteroaryl, substituted or unsubstituted heterocycloalkyl, 
C(OJR 17 , OR 17 , SR 17 and NR ,7 R 18 

wherein 

R 16 , R 17 and R 18 are members independently selected from 
H, substituted or unsubstituted alkyi, substituted or 
unsubstituted heteroalkyl, substituted or 



joined to form a ring, wherein said ring is a member selected from 




R 9 R 10 R 13 
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unsubstituted heteroaryl, substituted or 
unsubstituted heterocycloalkyl, and wherein 
a member selected from R 9 and R 1 °; R 9 and R 1 1 ; R 9 and R 1 3 ; R 9 and R 2 1 ; R 9 and 
R 19 ; R 9 and R 20 ; R 9 and R 21 ; R 10 and R n ; R 10 and R 13 ; R 10 and R 19 ; R 10 and 
5 R 20 ; R 10 and R 21 ; R n and R 13 ; R n and R 19 ; R 11 and R 20 ; R u and R 21 ; and 

R 13 and R 19 ; R 13 and R 20 ; R 13 and R 21 ; R 19 and R 20 ; R 19 and R 21 ; and R 20 
and R 21 together with the atom to which they are attached, are optionally 
joined to form a ring, wherein said ring is a member selected from 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted aryl, 
10 substituted or unsubstituted heteroaryl, and substituted or unsubstituted 

heteroalkyL 



6. The compound according to claim 3, wherein R 5 is CH 3 . 



15 7. The compound according to claim 1, wherein the saccharide has a 

formula that is selected from the group consisting of: 

Gal-GalNAoGal-Glc i GalNAc-Gal-Glc $ Gal-Glc $ 

I I I 

NANA ; NANA ; NANA ; and 

GaKGalNAo-GaKBc £ 

I 

NANA 



20 8. The compound according to claim 7, wherein the saccharide is 

deacetylated 



9. The compound according to claim 1, having the formula: 
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OH 



10. The compound according to claim 1 , having the formula: 




5 

1 1. The compound according to claim 1, having the formula: 




12. The compound according to claim 1, having the formula: 




13. The compound according to claim 1, having the formula: 
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14. The compound according to claim 1, having the formula: 




IS. The compound according to claim 1, having the formula: 



o 




16. The compound according to claim 1 , having the formula: 



o 




17. The compound according to claim 1, having the formula: 
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18. A pharmaceutical composition comprising the compound of claim 
1 and a pharmaceutical^ acceptable carrier. 

5 

19. A method for the prevention or treatment of a disorder of the 
nervous system in an animal or human comprising the step of administering to an animal 
or human in need thereof a therapeutically effective amount of the compound of claim 1 . 



10 20. The method of claim 19, wherein said disorder of the nervous 

system is selected from the group consisting of Parkinson's disease, ischemia, stroke, 
Alzheimer's disease, depression, anxiety, encephalitis, meningitis, amyotrophic lateral 
sclerosis, trauma, spinal cord injury, nerve injury, and nerve regeneration. 

IS 21. A method for the treatment of a glioma in a human comprising the 

step of administering to the human in need thereof a therapeutically effective amount of 
the compound claim 1. 



22. A method of synthesizing a synthetic ganglioside compound of 
20 claim 1 , wherein the steps of synthesis of the saccharide moiety comprise: 

contacting an acceptor molecule comprising a sphingoid moiety and a 
glucose (Glc) with a galactosyltransferase enzyme and a galactose (Gal) donor molecule 
to form. 

Gal-Glc 
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contacting the with a trans-sialidase enzyme and a sialic acid (NANA) 

donor molecule to form: 

Gal-Glc £ 

I 

NANA ; 

Gal-Glc £ 

contacting die NANA with a N-acetyl galactose (GalNAc>transferase enzyme 

5 and a GalNAc donor molecule to form: 

GalNAc-Gal-Glc - — £ 
I 

NANA ; 

GalNAc-Gal-Glc £ 
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contacting the NANA with a galactosyltransferase enzyme and a 

galactose (Gal) donor molecule to form 

Gal-GalNAc-Gal-Glc £ 
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NANA ;and 

Gal-GalNAc-Gal-Glc £ 
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10 contacting the NANA with a fatty acid moiety under conditions 

sufficient to fonn a ganglioside. 
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